ELEC 


Schematics. PCB Layouts. FPGAs. 
OrCAD has what it takes to get the 
job done. Fast. 

OrCAD delivers the complete solution 
for all board, PLD and FPGA designs. Over 
the years more than 90,000 engineers have 
used OrCAD’s design tools, making them 
the world’s most popular EDA software. 
Today, OrCAD’s enhanced 386+ software 
quickly handles your most complex 
designs, and gives you the fastest graphics 
of any PCB design tool. What’s more, you 
can now design with OrCAD in a DOS 
session under Microsoft Windows. All this, 
plus a one-year product warranty, makes 
OrCAD the best value in PCB design 
solutions. From Start to Finish. 


Speed your boards from Concept to 
Production. 

Start with the enormous capacity of 
OrCAD’s SDT 386+ schematic capture 
tool. Couple it with our powerful PCB 
386+ layout solution to reduce your 
design cycle time. PCB 386+ gives you 
superior functionality, with over 1,000 
footprints, automatic footprint generation, 
and on-line all object editing. And PCB 
386+ boasts an embedded, 100% 
completion autorouter that tops all other 
PC-based solutions. OrCAD delivers all 
this, plus, you'll finish your design with 
complete manufacturing output. 


Target virtually any FPGA device with 
OrCAD’s new PLD 386+. 

Capture your design in OrCAD schematics, 
OrCAD Hardware 


OrCAD. 


= 


on 


gees, pein, pews ers, meds gies com, # 


evovn) Gomes ( T Op) Combine SDT 
= — = 386+ and PLD 386+ to 
seca | design your boards 
and the programmable 
logic devices that 
populate them. 
( Left) Design 
verification is fast and 
easy with VST 386+. 
And, it’s supported by 
Xilinx, Actel, and other 
major FPGA vendors. 
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Description Language, or both. The multi-level synthesis capability of 
OrCAD’s PLD 386+ 2.00 rapidly compiles your largest FPGA designs. And it 
delivers greatly expanded device support, including: Actel, Intel Flexlogic, 
Xilinx 2000, Xilinx 3000, Xilinx 4000, Xilinx EPLDs, AMD MACH, AMD 
MACHXL, Lattice PLSI, Texas Instruments, and many others. Finish your job 
with speed and accuracy using VST 386+ to verify the timing of your placed 
and routed design. 


Isn’t it time you got the whole job done with OrCAD? 
Call us today at (503)671-9500 and we'll rush you an 
OrCAD Demo Disk. Then try our Complete Solution. 


From Start to Finish. CIRCLE NO. 114 


9300 SW Nimbus Ave. ¢ Beaverton, OR 97005 © (503) 671-9500 ¢ (503) 671-9501 - Fax 


96, rue St. Charles ¢ 75015 Paris, France ¢ 33-1-45 75 50 00  33-1-45 77 82 89 - Fax 
OrCAD is a registered trademark of OrCAD, Inc. Other brand and product names are trademarks of their respective owners. 


PERFORMANCE 


In arecent “Engineering & Distribution Survey” 

conducted by Electronic Engineering Times, engineering 

managers were asked to evaluate distributors they have done 

business with/are most familiar with on a wide range of criteria related to 
customer service and technical support. The bars above reflect the 
percentage of each distributor's customers that rated their distributor as 
excellent (6 &5 responses) on a 6 point scale where 6=excellent and | 
|=poor in terms of OVERALL PERFORMANCE. ny reine: COMPRES CNT 


Note: Since the bases varied for each distributor, direct comparisons should not be made. 1 ~800-344-453 9 
701 Brooks Ave. South, Thief River Falls, MN 56701 
Fax: 218-681-3380 
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Put These Numbers to Work for You! 


DIGI-KEY is a registered trademark of Digi-Key Corporation and is in no way affiliated 
with the other distributors evaluated in the survey or listed in this advertisement. 


© Copyright 1993, Belden Inc. 


Who leads the pack in flat 
cable value? The same front- 
runner who sets the pace in 
all areas of cable quality and 
technology — Belden. 


Thanks to our superior 
technical capabilities and 
dedicated manufacturing 
facilities, we've been able to 
bring our cost on flat cable 
down ... to the wire! So, 
whether you're specifying 
for OEM applications or 
creating flat cable assemblies, 
you can get the product you 
need. And, it’s available 
packaged on reels for auto- 
matic termination equipment 
compatibility. How’s that for 
blue-ribbon value? 
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Find out more about 
our complete line of 
mass-termination flat cables, 
including our round-to-flat 
MASS-TER’, 9K ribbon 
coaxial, shielded 
data link, and 
new 1mm and 
.025" miniatures. 
For your copy of 
our Flat Cable 
Catalog, call: 


1-800-BELDEN-4. 


RF TRANSFORMERS 


Over 80 off-the-shelf models... 
3KHz-1500M4Hz trom $799 


Bees 


BAS 


Having difficulty locating RF or pulse 
transformers with low droop, fast risetime or a 
particular impedance ratio over a specified frequency 
range?....Mini-Circuits offers a solution. 

Choose impedance ratios from 1:1 to 36:1 
connector, TO-, flatpack, surface-mount, or pin 
versions (plastic or metal case built to meet 
MIL-T-21038 and MIL-T-55631 requirements’). 
Coaxial connector models are offered with 50 and 75 
ohm impedance; BNC standard, other types on request. 

Ultra-wideband response achieves low droop and fas 
risetime for pulse applications. Ratings up to 1O00OM ohms 
insulation resistance and up to 1000V dielectric voltage. For 
wide dynamic range applications involving up to 100mA | 
primary current, use the T-H series. Fully detailed data version style X 65 
appear in our 740-pg RF/IF Designer’s Handbook. 

Need units in a hurry?...all models are covered by our 
exclusive one-week shipment guarantee. 
Only from Mini-Circuits. 


*units are not QPL listed. 


bent lead version 
style KK81 


t BPs SS 


~)Mini-Circuits 


P.O. Box 350166, Brooklyn, New York 11235-C003 (718) 934-4500 Fax (718) 332-4661 
For detailed specs on all Mini-Circuits products refer to ¢ THOMAS REGISTER Vol. 23 e MICROWAVES PRODUCT DIRECTORY e EEM e MINI-CIRCUITS’ 740-pg HANDBOOK. 


CUSTOM PRODUCT NEEDS...Let Our Experience Work For You. 
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C2ur VSS makes almost any 
development environment more 
productive. 


Get the world’s first high-performance 
VHDL simulator with ASIC sign-off. 


Pat Synopsys’ VHDL System Simulator™(VSS) family in your development environment and 


4 


wer, | double, triple, even quadruple your productivity. Multiple engines provide fast simulation 


throughout the design cycle—from conception to ASIC sign-off. And an integrated family of 


~ 
w, an 


Sqm ye 


simulators—VSS Expert™ and VSS Professional™—lets you tailor your simulation solution to 


your design team’s needs and delivers the best simulation value available. 4 no) Es S° 
Find out more. Call 1-800-568-2619, dept. N2, for this free booklet. y 0) | 


International inquires, call 408-428-6451. Fax response also avatlable at 408-435-5009. 
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On the cover: Digital systems—regard- 
less of size—are finding the benefits of 
distributed power too attractive to 
ignore. See our Special Report, begin- 
ning on pg 54. (Photo courtesy Vicor) 


EDN Magazine offers 
Express Request, a 
convenient way to 
retrieve product 
information by 
phone. See the 
Reader Service Card 


in the front for 
details on how to 
use this free 
service. 


EXPRESS) > 
REQUEST 
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SPECIAL REPORT 


Distributed power takes center stage 54 


Distributed power has become a strategic architecture, if not a 
total solution, for digital systems. In particular, systems that need 
flexibility in either supply voltages or power levels benefit from dis- 
tributed power. Distributed power also suits large digital systems. 
—Charles H Small, Senior Technical Editor 


DESIGN FEATURES 


Mainstream applications require optimized 
assembly language for fast DSPs ei 


DSPs are fast, but you have to optimize your code to take advan- 
tage of their speed.—John P Sweeney, AT&T Microelectronics 


A transaction approach 
to error handling 85 


You can apply the transaction-based recovery concept used in data- 
bases to any application. Doing so helps provide more reusable and 
maintainable programs.—Bruce A Rafnel, Hewlett-Packard Co 


Designing with hysteretic 
current-mode control 95 


Hysteretic current-mode control has many advantages over con- 
stant-frequency control, including stability, inherent load-current 
limiting in a buck topology, and an instantaneous response to load- 
current changes.—Gedaly Levin and Kieran O’Malley, Cherry 
Semiconductor Corp 


Continued on page 7 
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Field-Configurable MegaPAC™ Switching Power Supplies 


Your opportunities are endless to mix and 
match MegaPAC options. And with so 
many possible power solutions available, 
you can define one precisely to fit your 
needs. 


But MegaPAC flexibility doesn't end there. 
If your needs change, so can your switcher 
...which gives you another reason to 
choose MegaPAC power supplies: they're 
the only field-configurable power supplies on 
the market. To alter voltage or power levels 
on site, just loosen a screw, slide out a 
ModuPAC converter assembly, and slide in 
a new one. It's that simple. 


Take a look at our new additions to the 
MegaPAC family, highlighted at right. 


For details about MegaPAC switching 
power supplies, call Vicor Express at 
800-735-6200 or Vicor's Westcor Divison 
at 408-395-7050 (FAX 408-395-1518). 


Size Options 


lM MegaPAC—8 ModuPAC slots 


11.8"L x 6.0"W x 3.4"H 
@ Mini MegaPAC—5 ModuPAC slots 


9.4"L x 6.0"W x 3.4"H NEW smaller size! 


Input Options 


@ 120/240 VAC strappable 

@ 120/240 autostrapping universal input 
NEW! Automatically senses line voltage 
and straps power supply accordingly. 

M@ 85-264 VAC universal input with power 


factor correction NEW! Meets IEC 555. 


Output Options 


@ Up to 1600 watts total 

@ Up to 100 or up to 200 watts per output 
@ 1-16 outputs, isolated & fully regulated 
HM 1to95 VDC 


ModuPAC slide-in converter assemblies: 
M@ Standard—one output, up to 200 watts 


@ NEW DualPAC™ —two outputs, up to 


100 watts each 
@ NEW TachoPAC™ —for fast transient 


response to high-speed load changes 
m@ NEW RamPAC™ —for very low noise 


m@ NEW VXI Option—for low noise and 


low ripple to meet instrumentation 
standard VXI 


Family Options 


l™@ DC OK (Power Good)—TTL signal high 


when output is >90% of nominal 
@ Trim range +10% or 40-110% of nominal 


@ Industrial or military grade modules 
@ Hardwired local sense 
@ Enable/Disable—TTL signals inhibit or 


enable each output; includes one-pin 
global shutdown 


Component Solutions For Your Power System 


Vicor Corporation * 23 Frontage Rd., Andover, MA. 01810 USA « TEL: (508) 470-2900 « FAX: (508) 475-6715 
Vicor GmbH « Tel: +49-89-329-2763 ¢ Fax: +49-89-329-2767 ¢ Vicor Far East « Tel: +886-2-9188240 « Fax: +886-2-9132982 
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Composite amp provides high gain and bandwidth 67 


Passive differentiator tops active designs 67 
3'»-digit DVM IC measures power factor 68 
2-channel ADC tags its own output 68 
Asynchronous circuit latches safely 70 
Comparator improves regulator’s efficiency 72 


EDA tools help 


fine-tune system design 31 


By performing design iterations in software, EDA tools for 
wireless designs help you zero in on the right system design. 
—Doug Conner, Technical Editor 


Network vendors agonize 
over fieldbus standard 45 


The process-control industry is teasing out a global standard for a 
digital-communications bus from an assortment of proprietary and 
national standards. Frustrated by the slow progress, however, ven- 
dors and users are looking for bus systems they can adopt today. 
—Brian Kerridge, Technical Editor 
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Find your advantage 25 


Find your advantage in the explosion of products and technologies. 
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—Steven H Leibson, Editor-in-Chief 
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We not only have a ton of these. 


in each factory allows us to provide multiple sources 
for our flash products to ensure delivery. 


Intel Flash Memory is shipping in high gear. Our 


factory capacity is up. Our prices are coming down. 
And we’re leading the industry in flash technology. What’s more, our new capacity is so huge, we’ll 
The shortage 1S Intel Flash Memory Factory Output Intel Flash Component Pricing Trend* outsupply all other 
ee PE RRA LOOM ahi ae 


over. With three flash 
factories now on line, il pe 2 - Combinedi 

Intel can support both go. ¢ a =| @ : SMb We’ re also growing 
your immediate and o. ieee enn _ the market by driving 
long-term needs. In fact, 0 ne 93° _ down flash prices, 

our sub-micron process sais _ making Intel Flash 


© 1994 Intel Corporation. ‘Based on 9/93 Dataquest forecast of total flash units to ship in 1994. 
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but now you'll also save a ton. 


Memory a viable option for virtually any new design. by far the broadest, most technologically advanced 

In fact, since Q4 ’93, we’ ve dropped prices by as line of flash products in the industry. 

much as 31 percent. And by the end of the year, the So if you’re ready to load up on flash memory, 

volume price for our 120ns, 8Mb FlashFile™ devices call 1-800-879-4683, ext. 101 for complete informa- 

will be as low as $20. tion. Because Intel is more than ready to deliver. 
This is an opportune time to get the design wheels 

rolling, too. Because you can now purchase one hun- 

dred 8Mb devices for just $25 each. 


ES) 
With chips from 256Kb to 32Mb, to PCMCIA ‘ Nn 
Flash Cards and ATA Flash Drives, Intel also gives you ® 
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The LM3886T ~ Typical total harmonic distortion 
and noise (THD + N) of 0.03% from 20Hz to 20KHz at the rated 
output power of 60 Watts (continuous average) ~ Signal-to- 
noise ratio >95 dB (minimum) with a noise floor of 2.0 micro- 
volts ~ Mute function eliminates transients at power-up and 
power-down ~ Thermal shutdown ~ Rugged enough to with- 
stand overvoltages, undervoltages and current limiting condi- 
tions ~ Dynamic SOA provides the highest level of reliability 
—~ (Call 1-800-NAT-SEMI, Ext. 295 for a free product sample 


kit and ordering information. OY National 


©1994 National Semiconductor Corporation. NORTH AMERICA: P.O. Box 7643, Mt. Prospect, IL 60056-7643 
(Tel: 1-800-628-7364, Ext. 295 Fax: 1-800-888-5113. All rights reserved. 
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1OO watts per cubic inch 
is meaningless if it’s a big job to cool it. 


wide 2:1 input voltage 
ranges (18/36V and 
30/72V). 


Have you ever looked 
into using a board 


mounted power 


module So while others 
(miniature | talk high density, AT&T 
DC/DC con- ee delivers. 

verter) with ; ‘ = 2381 a! As always, 
an adver- Pog <- a i = = = Y: . , 2 | with AT&T 
tised power | , —— power 


density of modules, youre 
100 watts/ assured very 
cubic inch competitive prices, 


..only to find out plus the broadest 


you need exotic offering: 0.5 to 
200 watt products. 
Give us a call at 1 800 526-7819 


Not so with AT&T's next generation before you make your next power decision. 


cooling techniques to 


reach full rated output power? 


of board mounted power modules. From technical support to creative power 


qauanuns® BD) 


. They deliver up to 150 solutions, we'll give you real reasons to 


wo Beam oe ; 
_aeeeeee useable watts in a small make AT&T your power resource. 


— \e — 
pode 
pce Powe » Sf 


ee Mme 24 x 2.28 x 05 inch 
_—_ AT&T Power Systems. 


wh) pARDE 


ep eckage. Their high el The power to do more. 


ae : SB4% 
SO Useaie Wiisin  OCOCY 84%) cesin 
a 50 Watt Package provides 150 watts of For other AT&T power literature or power 


5 volt output power with an allowable base- information, call 1 800 372-2447, ext. 910. 


plate temperature of 100° C. They provide 


power levels from 50 to 150 watts, output acaetiee 
voltages from 2.0 to 24 volts, and a Afal 
== Microelectronics 


©1993 AT&T 
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EDN-NEws BREAKS 


Competition cultivates 


In a competition to excite students 
about science and technology, a team of 
Procter & Gamble engineers and Wal- 
nut Hills High School (Cincinnati, OH) 
students recently won the US FIRST 
competition. Among the high-technolo- 
gy companies that joined with high- 
school students were AT&T Bell Labs, 
Boeing, Honeywell, NCR Microelec- 


EDITED BY FRAN GRANVILLE 


students’ interest in engineering 


tronics, Texas Instruments, and Xerox. 
Before the contest, 43 teams of stu- 
dents and professional engineers had 
seven weeks to build a remote-con- 
trolled robot from a standard kit of 
parts. In each double-elimination heat, 
the robots had 2 minutes to score points 
by placing soccer balls of varying point 
values into two goals. Finals pitted the 
best four teams in a 2-out-of- 
3 format. 
Inventor Dean Kamen, 
recently voted Engineer of 
the Year by Design News 
magazine, founded US 
FIRST (For Inspiration and 
Recognition of Science and 
Technology). The annual 
" competition is just one pro- 
gram the coalition sponsors 
to foster students’ interest in 
technology. Circle the num- 
ber below or contact the com- 
pany for information on next 


s Hardware and 
E software bring 
| data acquisition 
5 to Ethernet 


_ Years ago, when Ethernet was 
| new, few people expected it to 
| become important in real-time 
| data acquisition and control. 
| That’s because many thought 
_ Ethernet’s CSMA/CD (carri- 
| er-sense multiple access with 
_ collision detection) protocol 
| had data latencies so unpre- 
| dictable that they ruled out 
| using the technology where 
| timing was critical. Although 
| there still are some real-time 
_ applications you wouldn’t trust 


to Ethernet, there are many in 


| which Ethernet is quite fast 
| enough. Moreover, the explo- 
_ sion in the use of Ethernet pro- 
_ vides a compelling incentive to 
| use it to get acquired data 
_ from industrial sensors to host 
| computers; in most factories, 


tition, 


a 
spring from 68060 
release 


At least four manufacturers have 
announced plans to develop single- 
board VMEbus computers based on the 
recently released 68060 uP. 

Motorola is among the first to release 
a 68060 board, the MVME177. The $4995 
board uses a mezzanine bus to expand its 
memory capability and offers as much as 
256 Mbytes of memory. It also includes 
SCSI-2 and Ethernet interfaces. 

Another early entry comes from 
Heurikon Corp with its Nitro60 board 
($5495). The Nitro60 mezzanine-bus 
structure allows for either memory or 
I/O expansion, depending on user 
needs. It also offers SCSI-2 and Ether- 
net interfaces. For more details on the 
Motorola and Heurikon boards, which 


The tall robot at left, built by a team of engineers 
at Procter & Gamble and students at Walnut Hills 
High School, won the third annual US FIRST design compe- NH, (603) 666-3906. : 

Circle No. 480 


- year’s competition. 


"will be available in June, see “Boards & — 


Buses,” pg 125. 

In addition, Performance Technolo- 
gies plans to create the PT-VME161, a 
single-board computer similar to the 
Heurikon Nitro60. General Micro Sys- 
tems plans to create a 68060-based 
mezzanine card for its V64-60 comput- 
er board. The V64-60, a processor-inde- 
pendent design, accepts aS many as 
three processors operating in parallel 
on its mezzanine cards. The Perfor- 
mance Technologies and General Micro 
Systems boards will be available at 
year-end.—by Richard A Quinnell 

General Micro Systems Inc, Rancho 
Cucamonga, CA, (909) 980-4868. 


Circle No. 481 
Heurikon Corp, Madison, WI, (608) 
831-5500. Circle No. 482 


Motorola Computer Group, Tempe, 
AZ, (602) 488-3287. Circle No. 483 
Performance Technologies Inc, Ro- 
chester, NY, (716) 256-0200. Circle No. 484 


—by Joan Lynch 
US FIRST, Manchester, 


| you need look no further than 
_ afew feet for an Ethernet net- 
_ work to which you can connect 
| your equipment. 

| Fluke Corp’s NetDag product 
_ line is ready to help you harness 
| Ethernet for data acquisition. 


The hardware, which resembles a 


benchtop DMM (and will also be avail- 
able in industrial enclosures), comes in 
two 20-channel varieties ($3995 for 
either one). The 2640A takes 100 read- , 
ings/sec with 5%-digit resolution and 
0.01% error. The 2645A takes 1000 
readings/see with 42-digit resolution 
and 0.02% error. Both versions offer 
built-in signal conditioning that works 
with common types of transducers. The 
2645A’s solid-state multiplexer with- 
stands common-mode voltages to 50V. 
The 2640’s relay switches withstand 
300V. In a demonstration, the NetDaq 
for Windows software that runs on the 
host PC ($1995 for use on a shared net- 
work; $1295 for use on dedicated net- 
works) was impressive for its ease of 
use, both in setting up measurements 
and in displaying acquired data. 
—by Dan Strassberg 
Fluke Corp, Everett, WA, (800) 443- 
5853. Circle No. 485 
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Logic analyzer price / 
spec war heats up 


It’s been less than a month since the 
last big logic-analyzer announcement. 
That one came from Tektronix. As so 
often happens when one of the test-and- 
measurement giants announces a new 
product, its archrival counters with a 
product intended to provide better 
specs at a lower price. You shouldn’t be 
surprised, then, that Hewlett-Packard 
has announced a logic-analyzer plug-in 
that does 500-MHz timing analysis and 
125-MHz state analysis and includes 
1M frame of memory. The $138,500, 68- 
channel 16555A plugs into the 16500B 
logic-analysis system, whose $8800 
mainframe accommodates five plug-ins 
with synchronized timebases (10 with 
an expansion chassis). A 204-chan- 
nel configuration (including three 
16555As) costs $49,300. By contrast, 
Tektronix’s TLA 520 offers 400-MHz 
timing analysis and 100-MHz state 
analysis on 200 channels and a 14-in., 
high-resolution color display. Config- 
ured with 512k frames of memory, the 
TLA 520 costs $57,000. 

For over a year, HP has supplied 
16500-series plug-ins that provide the 
same speed and others that offer the 
same memory depth as the 16555A, but 
the company hasn’t had a plug-in that 
combines both features. A big advan- 
tage of the new configuration is that, 
unlike earlier deep-memory 16500- 
series plug-ins, the 16555A is compati- 
ble with hundreds of processor-specif- 


Now you can have 1M-frame memory, as 
well as 500-MHz timing analysis and 125- 
MHz state analysis in HP’s 16500B logic- 
analysis system. The 68-channel 16555A 
plug-in works with hundreds of processor- 
specific accessories that seaivloush worked 
only with plug-ins limited to 8k frames of 
memory. The mainframe accommodates five 
of the plug-ins. 
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ic pods and disassemblers (HP calls 
them inverse assemblers) that previ- 
ously worked only with plug-ins limit- 
ed to 8k frames of memory. The 
16555A uses proven technology. It is 
based on a second-generation logic- 
analyzer chip that the vendor used in 
other 16500-series plug-ins and in its 
1660-series portable analyzers. Own- 
ers of older 16500A mainframes can 
use the 16555A by installing a $4995 
upgrade that endows the analyzer with 
16500B capabilities. 

Coincident with the 16555A an- 
nouncement, HP is shipping two other 
enhancements to its logic-analyzer line: 
A high-density probing system makes 
HP logic analyzers and in-circuit emu- 
lators much easier to use with fine-pitch 
surface-mounted devices. An $1800 
option for the 16500B provides en- 
hanced networking, allowing full con- 
trol of the analyzer from a networked 
workstation and replication of the ana- 
lyzer’s color screen in a window on the 
workstation’s display. 

—by Dan Strassberg 

Hewlett-Packard Co, Santa Clara, 
CA, (800) 452-4884. Circle No. 486 

Tektronix Inc, Beaverton, OR, (800) 
426-2200. Circle No. 487 


System combines signal 
generation with 
waveform capture 

and analysis 


The V P8000 from TRW Business Intel- 
ligence Systems combines high-speed 
waveform capture (500M real-time 
samples/sec) with extraordinarily deep 
memory (to 64M samples), sophisticat- 
ed analysis capabilities (including sig- 
nal manipulation in time and frequency 
domains), and the ability to generate 
extremely long analog waveforms. A 
Unix workstation or a Macintosh 
Quadra can act as host for the VP8000, 
which comprises both hardware and 
software. The digitizer/memory/wave- 
form-generation unit, which includes a 
NuBus slot, connects to workstations 
via a SCSI-2 port and to the Quadra 
via a NuBus interface. According 
to the vendor, either interface trans- 
fers data to host memory much faster 
than a DOS or Windows PC’s ISA 
bus can. The unit can draw 10 1024- 


point waveforms/sec on the host’s screen. 
The vendor, which heretofore has 
designed and manufactured systems 
only for government applications— 
most of them classified—created a sep- 
arate organization to design and mar- 
ket commercial products. The unit was 
designed from the ground up for com- 
mercial use, not adapted from a mili- 
tary design. Initial target applications 
are in verification of communications 
and medical-imaging-system hardware 
designs. The product sells for $50,000 
to $90,000; it costs $55,000 with 32 
Mbytes of memory and analysis soft- 
ware.—by Dan Strassberg 
TRW Business Intelligence Systems, 
Sunnyvale, CA, (408) 752-2300. 
Circle No. 488 


Major vendor enters 
PC chip-set market 


Samsung Semiconductor has entered 
the PC chip-set market with the intro- 
duction of its KS82C884 core-logic IC. 
The device includes cache, DRAM, and 
Video Electronics Standards Associa- 
tion (VESA) local-bus controllers and 
AT bus, keyboard, and peripheral inter- 
faces within a single die. With data- and 
address-bus transceivers, the chip 
forms the core logic of a 486-based PC. 
The 8-chip set costs $14.25 (10,000). 
The KS82C884 chip set is the first in a 
family of PC-compatible chip sets 
planned by the manufacturer. 
—by Richard A Quinnell 
Samsung Semiconductor Inc, San 
Jose, CA, (408) 954-7000. Circle No. 489 


AccessBus gets 
keyboard support 


AccessBus, a growing low-speed inter- 
connection standard for desktop sys- 
tems, builds on the I?C serial bus—now 
a common feature on many mainstream 
8-bit microcontrollers. On the desktop 
side, Philips Semiconductor has added 
a key piece to AccessBus acceptance, 
the 8XC542. Built on the venerable 
80C51, the keyboard controller inte- 
grates AccessBus, I?C, a PC ISA-bus 
interface, and an 8051 core. 

The pC comes with 4 kbytes of 
ROM/EPROM, 256 bytes of RAM, two 
16-bit timer/counters, and an Access- 
Bus interface. The chip takes in key- 


Announcing the first 
ow-power, high-speed op amp 
that doesnt putyou 
Ina compromising position. 


Analog Devices new AD8001: 800 MHz. 50:mW. $2.75 (1000s). 


Finally, an op amp that delivers the uncompromising performance you need for your video, imaging 


or communications applications, without imposing speed/power/price trade-offs. At 800 MHz, our new gak 
AD8001 gives you more than twice the bandwidth-at equal power-than any other amplifier. Add excep- | 
tional differential gain and phase performance on only 50 mW of power, and you've got the best performance you 
é can get for just $2.75 in 1000s. What’s more, our min/max ac specs 
Specification ADS001 CLC406 HFA1105 OPA623 
io er ee gare eater ert a 8 guarantees . The AD8001 is the first in a new series of amplifiers 
Peaking, G=+2, (dB/MHz) 1/100 «225 -«Sa7s.-«aatoo. |_-‘ that uses Analog Devices’ revolutionary XFCB™ fabrication process. 
Slew Rate (V/usec) 1200 ©= 1500S 1100» 2100 | ~For a sample and complete technical information, call us today at 
Diff Gain/Phase (%/°) .01/.025 .02/.025 02/02 .12/.05 wom 
alae eae ies : - 1-800-ANALOG-D (262-5643) and press “2 ANALOG 
or fax your request to 617-821-4273. DEVICES 


Analog Devices, Inc., Three Technology Way, P.O. Box 9106, Norwood, MA 02062-9106. Distribution, offices and application support available worldwide. 
> 
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board, AccessBus, and mouse external 
interrupts and functions as a slave 
processor to a host CPU. The hard- 
ware can integrate into a PC ISA bus 
with a PC X86 host processor. Run- 
ning at 16 MHz, the device has a max- 
imum power supply current of 25 mA 
(active mode), 5 mA (idle mode), and 75 
wA (power-down mode). The 8XC542 
is available for sampling now, and pro- 
duction quantities will be available in 
June. It sells for $4.50 (25,000). 
—by Ray Weiss 
Philips Semiconductor, Sunnyvale, 
CA, (800) 234-7381. Circle No. 490 


FPGA density hits 
25,000 gates 


Shrinking device geometries have now 
taken field-programmable gate-array 
densities to 25,000 gates in the XC4025 
from Xilinx. The company’s earlier 
largest device, the XC4013, contains 
13,000 gates. Xilinx fabricates the $654 
(100) XC4025 with a 0.6-u~m process. 
The device features 256 I/O pins and 
1024 configurable logic blocks in a 
32X32-bit array. The device shares 
architecture and features with other 
members of the XC4000 family. The 
company expects to push the IC’s price 
down to around $400 (100) by the end of 
the year. It also plans to add a 40,000- 
gate member to the family by the end of 
1995.—by Steven H Leibson 

Xilinx Inc, San Jose, CA, (408) 559- 
7778. Circle No. 491 


100VG-AnyLAN 
Forum promote IEEE 
802.12 technology 


Several companies have joined to estab- 
lish the 100VG-AnyLAN Forum (VGF) 
to promote the IEEE 802.12 technology 
for 100-Mbps Ethernet and token-ring 
networks. Current VGF members are 
AT&T Microelectronics, Hewlett- 
Packard Co, IBM, Optical Data Sys- 
tems, Proteon, and Ungermann-Bass. 
Several other companies, including 
MultiMedia LANs Ine and Racore 
Computer Products, are planning to 
join the forum. 

One of VGF’s objectives is to provide 
an information-sharing forum for end 
users, resellers, system integrators, 
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IEEE picks wireless LAN standard. 
The IEEE 802.11 Standards Com- 
mittee has approved a high-speed 
| physical-layer option for wireless 
LANs. The option allows for fre- 
quency-hopping spread-spectrum 
| communications using 4-level 
Gaussian frequency-shift keying 
(4GFSK). The initial proposal came 
from Proxim Ine, 
wireless-LAN products based on the 
| scheme. Proxim Inc, Mountain View, 
CA, (415) 960-1630. Circle No. 493 


Photon Dynamics enters joint- 
development agreement with 
USDC. Photon Dynamics and the US 
Display Consortium (USDC) have 
announced an agreement under 
which Photon Dynamics will develop 


and demonstrate an automated flat- 


panel inspection system for use in the 
cell and module stages of flat-panel- 
display production. USDC, which 
includes the Advanced Research Pro- 
jects Agency, AT&T, Tektronix, 
Xerox, and others, hopes to develop 
| the US infrastructure to support a 
world-class US manufacturing capa- 
bility for high-definition displays. 
Photon Dynamics Inc, Milpitas, CA, 
(408) 433-3922. Circle No. 494 


Microwave breakfast. If you’re 
attending the IEEE’s MTT-S Inter- 
national Microwave Forum in San 
Diego (May 22 to 27), stop by the 
Marina Ballroom E at the Marriott 
Hotel and Marina on Tuesday or 
Wednesday, May 24 or 25, for a free 
breakfast, courtesy of Mini-Circuits. 
You can pick up a free copy of the 
company's 740-pg Designer’s Hand- 
book at the same time. Mini-Circuits, 
Brooklyn, NY, (718) 984-4500. 

Circle No. 495 


Conference highlights DSP applica- 
tions and technology. DSP%*, a con- 
ference and exposition featuring more 
than 70 companies displaying DSP 
boards, devices, software, systems, 


and vendors interested in 100VG-Any- 
LAN technology. The group also wants 
to support multivendor application 
development by providing general and 
technical information on the IEEE 
802.12 standard. The forum plans to 
coordinate multivendor interoperabili- 
ty testing and certification at the Uni- 


Francisco. Sessions at the conference 


which makes. 


will jointly market GE linear (tubu- 


workstations, and other hardware, 
takes place June 13 to 15 at the 
Moscone Convention Center in San 


include three series: The introducto- 
ry 100 Series includes tutorials, work- 
shops, and introductory presentation; 
the more advanced 200 Series 
describes and compares DSP prod- 
ucts; the advanced 300 Series offers 
technical-application sessions and 
case studies. DSP* Customer Ser- 
vice, Reed Exhibition Co, Stamford, 
CT, (208) 352-8289. Circle No. 496 


GE and Motorola to market lighting 
systems. According to GE Lighting 
and Motorola Lighting Inc, electron- 
ics and key advancements in lamp 
technology are fueling a revolution in 
the lighting industry. The companies 
expect US market growth for elec- 
tronic ballasts to be more than $2 bil- 
lion by the year 2000. The companies 


lar) fluorescent lamps and Motorola 
Lighting electronic ballasts as an 
energy-efficient light system. GE 
Lighting will initially market a line of 
co-branded GE-Motorola electronic 
ballasts manufactured by Motorola. 
The two companies also plan to col- 
laborate in developing other new 
lighting products. GE Lighting, 
Cleveland, OH, (216) 266-8954. 
Circle No. 497 

Motorola Lighting Inc, Buffalo 
Grove, IL, (708) 480-6842. 
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Neural-network-modeling tool 
costs $199. Vesta Services has 
announced Qnet Version 1.5 for DOS 
and Windows. The neural-network- 
modeling tool provides interactive 
training and recall modes, a connec- 
tion editor for network customization, 
a graphing utility for interactive mon- 
itoring of network and training infor- 
mation, and automatic learning-rate 
control. Vesta Services Inc, Winnet- 
ka, IL, (708) 446-1655. Circle No. 499 


versity of New Hampshire, Durham, 
NH, with the leading network operat- 
ing-system vendors, including Banyan, 
Microsoft, and Novell. Annual member- 
ship dues for VGF are $5000. 
—by Fran Granville 
100VG-AnyLAN Forum, North High- 


land, CA, (916) 348-0212. Circle No. 492 
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Tektronix, Inc. 


Copyright © 1993, 


ducts measure up 


Most of all, yours. 


If you're racing to keep pace with new test and measurement 
requirements, relax. You'll have more time for solving real 
problems with our new RF lineup. Because we meet your 
needs like never before. 

Here’s why. We've partnered with two other leading 
manufacturers of T&M equipment used worldwide. Rohde & 
Schwarz in Europe. And Advantest in Japan. We distribute 
and support each company’s microwave and RF instruments 
here in the USA just like they’re our own. 

Which means you can now turn to a single reliable 
source for all the equipment you need. Spectrum analyzers 
offering unmatched value in every frequency 
range. Network analyzers combining leading 
technology with low-cost automation. Signal 
sources to handle a wide variety of modulation 
formats. Even EMI solutions to meet all certifi- 
cation as well as pre-compliance testing needs. 

These are proven tools in the aerospace, 


VSKe(GAUSSIANAENTERED MINIMUM SHIFT KEY) stones a 


in everyday service. Suffice it to say they meet a lot of 
tough standards. Including yours. 
Take the measure of our new RF lineup: return the card 
for a free selection guide with key specitications. Or call 
1-800-426-2200, Ext. 203. 


Tektronix 


2EA-285309 
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it will unlock your car door 


from 50 feet away. And open doors 


on the other side of the world. 


Today’s wireless products, like this remote keyless 
entry system, are ingenious combinations of highly 
miniaturized, high-performance components — many 
of which are available from Murata, anywhere in 


the world. As a leader in important surface mount 


technologies, Murata’s manufacturing facilities in the 
United States, South America, Europe, Japan and else 
where in Asia supply our customers with one of the 
broadest lines of superior components in the industry 


— including SAW filters and resonators, EMI filters, 


©1994 Murata Electronics North America, Inc., 2200 Lake Park Drive, Smyrna, GA 30080. All rights reserved. 


hin-film inductors, ceramic resonators, chip capaci- Our combined efforts will make the chances of that 
ors, microwave-related products and custom circuit success anything but remote. For more information, 
nodules. As you begin designing your next wireless call 1-800-831-9172, ext. 102 


yroduct, let us play a small part in making it the sort of Y | ° A small part 
im your success 


uccess that will open doors for you all over the world. 
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Push the limits of video technology 
with our full family of affordable ICs. 


Get a head start on 
those hot new video: 
products. 


Choose Raytheon Semiconductor. 
We've combined the video technology 
and innovation that earned TRW an 
Emmy with Raytheon Semiconductor's 


own video design expertise and man- 
ufacturing capacity. That means no 


compromises between leading-edge 


performance and true affordability. 


With highly-integrated analog and 4 
digital circuitry, you get a complete — 
solution for all your video needs. — 


With just one call, you're set. Because 
for all of today's exciting applications, 
our full and growing family of video — 


ANGs gives you better designs at a 
_ lower cost. 


Propuct DESc. FEATURES 


NTSC/ 8 10to15 
PAL bit MSPS/ 
- sec | 


8and10 10to18 
bits Mhz 


TMC 220 © 


Digital videc 


mixer 


TMC 22x9x 


10 to 18 
Digital video bit Mhz 
encoders 


Your design partner for broadcast, 
video communication, desktop 
video, imaging and display ICs. 


At every step of your design, 
we'll be there with our ~ 
video experience and 
innovation. We'll even 
customize ICs to meet 
your exact need. 


Call now and learn more about our 
advanced family of video products. 


To make amazing headway in video, 
simply call 1-800-722-7074. 


Raytheon Semiconductor Division 
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Diagrammatic-programming 
smoke screen? 


I was disappointed with the highly 
editorial flavor of Charles Small’s 
“Diagrammatic programming” (EDN, 
January 6, 1994, pg 60). I suspect that 
this article will generate much dia- 
logue, mostly in defense of text-based 
programming. When Small uses 
words such as “endless,” “bottomless,” 
and “vainly” to describe text-based 
programming or statements such as 
“diagrammatic programming can 
make easy what were once difficult 
software tasks,” my snake-oil detector 
goes off. 

Whenever the latest idea comes into 
vogue, people make great claims about 
it, as well as how it will change the 
world. Sometimes, the idea was great, 
but its implementation was bad, and 
sometimes, the idea proves to be not so 
great after all. In either case, often the 
idea—no matter how great—simply 
couldn’t live up to the glorious claims 
made by people who are honestly trying 
to move the world forward. What usu- 
ally happens is that their good inten- 
tions backfire, and what could have 
been innovative is dropped like a hot 
potato (only to be “rediscovered” 10 or 
20 years later). 

I have decided to keep my mind open 
to diagrammatic programming, in spite 
of this highly opinionated article. 

Don Ausherman 
Wichita, KS 


Techie Nostradamus 
envisions future 


Currently, you may feel confined by the 
legacy of the 8086, but it looks as if that 
old design will be the leader in the 
advance to virtual-memory processors 
built right on the DRAM (dynamic 
RAM). The ARM6 may be better in 
some ways, but the venerable 486 is not 
far from perfect for the job. 

One advantage of a VMP (virtual- 
memory processor) is its low pin count. 
A VMP needs no address lines and uses 
most of the pins for data. The elimina- 
tion of the address bus comes from hav- 
ing on-chip main memory—just as the 
elimination of separate memory paths 
for the Harvard architecture came from 
having separate on-chip caches. VMPs 
simply stream data to and from disk and 
other I/O in NT-like packet messages. 


With an integrated main memory, 
the DRAM row-data latches, which 
would normally hold bits for static-col- 
umn-mode access, are used as cache 
and as expanded register file. This 
avoids the function duplication that is 
characteristic of today’s systems. 

If a VMP were built on a 4-Mbyte 
DRAM, the chip may not be much big- 
ger because the indigenous DRAM row- 
data latch could provide most of the 
processor’s cache and register file. An 
additional 256 bytes of register file 
would come from each row latch that is 
added to the DRAM. Testing proves 
that a very small cache achieves most of 
the available benefit. 

One row latch must serve as cache for 
instructions. An additional row should 
serve global data, and one should serve 
the stack. The 486 fits because one row 
latch can be devoted to each of the CS, 
DS, ES, and SS memory segments. You 
can achieve even more speed if the 
stack segment has two row latches so 
that local variables are available even at 
row boundaries (the BP in the 486 
mates well to this need). Maintain 
write-back coherency by not permit- 
ting two row latches to open on the 
same row. 

Using row latches as the register file 
of the new 486-style processors works 
because, in practice, most code works 
primarily on variables that are near the 
top of the stack. Since these row latch- 
es are part of the register file, the new 
processor will outperform register- 
rich processors. The register file will be 
an associative cache composed of the 
stack-row latches. 

Jack Jenkins 
IST Corp 
Lansing, MI 


Sound off 
“Signals & Noise” lets you express - 
your opinions on issues raised in the 
magazine’s articles or on any engi- 
neering-related topic. Send letters — 
to EDN, 275 Washington St, New- 
ton, MA 02158; fax (617) 558-4470. 
Or use EDN’s bulletin-board system 
at (617) 558-4241: From the Main 
System Menu, enter ss/soapbox, 
then W to write us a letter. You'll 
need a 2400-bps (or less) modem and 
a communications program set for 
8,N,1. EDN reserves the right to 
edit letters for clarity and length. 


130 py 


Surface Mount PC Board Mount 
Low Profile Single and Dual Output 
Isolated Industrial to Military 
up to 1000 Volts 


Linear Switchers Open Frame 
Low Profile Upto 200 Watts 


New Isolated DUAL Outputs 
Wide Input Voltage Range _ -.; 
Regulated 100 é 


See EEM 
or send direct 
for Free PICO Catalog. 

Call toll free 
in NY call 914-699-5514 
FAX 914-699-5565 


453 N. MacQuesten Pkwy., Mt. Vernon, N.Y. 10552 
CIRCLE NO. 1 
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Within budget. 


Without compromise: 


ies 


© 1993 Hewlett-Packard Co. TMPMO309/EDN 


* You can save $250 on the HP E3630A (U.S. list price of $500) when you purchase the 
HP 33120A, HP 34401A, HP 53131A, HP 53132A, HP 54600B, HP 54601B, HP 54602B, 
or HP 54610B. Call HP DIRECT for details. Offer good until July 31, 1994. 
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Now you can get an 

HP DMM with one more 
digit than Fluke at 74 
of their price. 


Compare the HP 34401A to Fluke’s 
8842A/059 below, and you'll see why 
HP is a better choice. 


Features HP 34401A Fluke 8842A/059 
bY, 
$1495** 

1,000/sec 100/sec 


DC 1 Year 0.0035 % 0.0030% 
0.08% 


20 Hz to 
Bandwidth 300 kHz 100 kHz 


Interface HP-IB & GP-IB 
RS-232 


Programming Fluke 8840A/42A Fluke 8840A/42A 
Languages SCPI 
HP 3478A 


Measurement 12 
Functions 


Internal 512 readings 
Storage 


Warranty 3 years 


When you can get more standard 
features, one more digit, and pay $500 
less than the Fluke 8842A/059, why 
would you want anything else but the 
HP 34401A? 


© Call HP DIRECT at 
1-800-452-4844 ext. 7323 to order, 
to receive literature, or to talk to an 
HP engineer about your application. 
We'll help you make the right decision. 


*U.S. list price, as of 3/93. 
**Price includes GP-IB and AC Options. 


All Fluke specifications are as of 2/9/93. 
+In Canada, call 1-800-387-3867, Dept. 461. 


There is a better way. 


(4) mackaro 


Jesse H. Neal 

Editorial Achievement Award 
1990 Certificate, Best Editorial 
1990 Certificate, Best Series 
1987, 1981 (2), 1978 (2), 

1977, 1976, 1975 


American Society of 
Business Press Editors Award 
19914990, 1988; 1983, 1981 


EDN-EDITORIAL 


Find your advantage 


In case you hadn’t noticed, there’s a techno- 
logical explosion taking place. This explosion 
has the force to remake the face of every 
market touched by the electronics industry. 
Here are just a few examples of the massive 
changes taking place: 

@ Logic vendors are curtailing the 20- 
year reign of standard logic by converting 
production to PLDs and FPGAs. Xilinx and 
AMD (which bought MMI) are the old-line 
product vendors here. Standard-logic vendor 
Texas Instruments has entered the field and 
Motorola is expected shortly. The conversion 
allows semiconductor vendors to get more 
revenue from their fabs and you get more 
capability, more compact designs, faster 
design turns, and lower system costs. You 
also have to learn how to use these parts and 
you have to buy the tools that allow you to 
work with programmable logic. 

@ The wP and pC vendors are proliferat- 
ing processor families like mad. At the low 
end, Motorola seems determined to create 
not just a processor but an entire processor 
family for any need starting with the 
68HCO05K series (with parts that sell for less 
than a buck apiece) and ranging up through 
the ’HC08, ’HC11, ’HC16, and ’HC32. Even 
the venerable 68000—once the company’s 
high-end, flagship 32-bit processor—now 
makes an effective, low-cost controller. At 
the same time, Philips seems determined to 
drive the 8051 architecture into as many 
applications as possible. Just look at the sub- 
$1 8XC750 for proof. (Be sure to enter the 
Philips Dream Machine Design Contest 
after you look at the 8XC750. You could win 
a new Camaro. See the April 14 issue of 
EDN for details.) 

@ At the high end of processor technolo- 
gy, things are busier than they’ve been for 
quite a while. Apple, IBM, and Motorola are 
trying to establish a 32-bit beachhead with 


the PowerPC. Intel is fighting back with 
clock-tripled ’486s and proliferating Pen- 
tiums. Intel’s competitors in the x86 market 
such as Cyrix, IBM, and TI are making sure 
you have plenty of alternatives in that mar- 
ket. There are an increasing number of ver- 
sions of the Sparc and Mips processors and 
Digital Equipment Corp currently stands at 
the performance summit with its Alpha uP. 

@ Memory choices are at their widest 
ever. High-speed DRAMs from the Rambus 
partners (Fujitsu, NEC, and Toshiba) and 
cached DRAMs from Ramtron (the 
EDRAM) and Mitsubishi (the CDRAM) 
promise to smash the decades-long memory- 
bandwidth bottleneck. Intel has been work- 
ing very hard to make Flash memories part 
of your future and Intel’s competitors in the 
Flash arena such as AMD, AT&T, and Atmel 
also hope you learn to love Flash. 

@ Technology is moving nicely in the ana- 
log world too. For example, just as video is 
about to explode with all manners of inter- 
active products and services, the big analog 
vendors such as Analog Devices, Burr- 
Brown, Comlinear, Elantec, Harris, Linear 
Technology, Maxim, and National Semicon- 
ductor are ready with the necessary video op 
amps and high-speed converters. 

You must master some or all of these tech- 
nologies to stay ahead in today’s electronics 
industry. One thing all these technologies 
have in common is that they’ve all appeared 
in EDN. Our technical editors are engineers 
who understand the difficulties of design 
because they’ ve all experienced design prob- 
lems first hand. That’s why they can write 
articles that fit your needs perfectly. So, to 
find your advantage, gaze deeply into the 
explosion including the technologies listed 
above; and continue to read EDN if you want 
to run twice as fast as you possibly can. EDN 
is dedicated to your success. 


YW 


Steven H Leibson 
Editor-in-Chief 


Send me your comments via fax at (617) 558-4470, or on the EDN Bulletin Board System 
at (617) 558-4241, 300/1200/2400 8,N,1. From the Main System Menu, enter ss/soapbox and 


select W to write us a letter. 
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Data converters, precision ampli- 
fiers, references, sensors, interface 
and power management ICs. With the 
The AD8001 op amp, at 800 MHz 


and only 50mW sets new stan- 
dards of high-speed and low power. 


full range of performance and cost 
choices you need to match your 
requirements. Exactly. That’s the 
analog world. And we’re a world 
leader there. 

The industry’s fastest floating- 
point DSP. A range of fixed-point 
processors. The first Mixed Signal 
Processors" combining DSP with 


precision data converters on a single 


The AD20msp410 is a 
complete solution for 
GSM digital cellular, 
integrating DSP, a 
16-bit microcontroller, 
eight high-performance 
converters and other 
support functions into three chips. 


chip. That’s the digital world. And 
we’re a world leader there. 

Ever increasing levels of speed 
and integration. A revolution in user 
interface technology. The growing 


importance of analog and digital 


signal processing when creating 
differentiated products. Global com- 
petition. Rapidly changing technology. 
The critical frontier where the analog 
and digital parts of your design meet. 
And must work together perfectly. 
That’s the real world. 

Analog Devices is the only com- 
pany in the world with leadership 


products in analog, mixed signal and 


The ADSP-2171 digital signal 
processor features 33 MIPs 

performance with low power 
(ImW max. in powerdown) and low cos 


digital signal processing. The expertise 
to help you apply any or all of them 
in your designs. And the experience 
to help you get a more competitive 
product to market faster, and with 
less technological risk. 

Please call 1-800-ANALOGD 
(262-5643) for a brochure with more 
information on our products and 


capabilities. 


ANALOG 
DEVICES 


Analog. Digital. Solutions. 


Analog Devices, Inc., One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106. 
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9.0 Volt-Only 


JEDEC Standard 
Software Commands 


Guaranteed 
High Endurance 


Sector 
Architecture 


Density 
Upgrade Path 


JEDEC Standard 
Pin-Outs 


Introducing the 4Mbit Am29F040, 
The Newest Member Of The AMD’ Flash Family. 


Someone had to set the standard. Vpp overshoot problems. In fact, the Am29Fxxx 

AMD did just that — establishing an industry —_ architecture is the JEDEC standard for pin- 
standard by offering everything you need in the out and software for 5.0 Volt-only devices. Our 
most reliable, most flexible Flash memory Embedded Program” and Embedded Erase” 
devices available. In fact, we've sold over algorithms make software implemen- 
3 million Am29Fxxx devices already. And tation easy — forget erratic erase failures. 
now AMD's 5.0 Volt-only, low-cost Flash Sector isolation ensures data integrity 
family is available in 4Mbit densities. Y during write cycles. And sector protection 

The Am29Fxxx 5.0 Volt-only Flash rie amzorex rlash devices, avaiasle QUATAsS specified code in applications. 
design ends DC-to-DC conversion and  andinaliniery santadt aes What’s more, the Am29F040 is the 
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most reliable Flash device available. We don’t 
just promise 100,000 write-cycle endurance. 
We guarantee it. And we're the only one in the 
industry who does. Now that’s a safe buy. 

Flexibility is there, too. Densities to 4Mbits 
and 7Ons access times make them perfect for 
today’s, and tomorrow’s applications. Eight- 
uniform-sectors adapt easily to both boot 
code and broad-base applications. Industry- 
standard packaging lets you use existing 
production equipment. And they’re priced to 
compete with dual-voltage devices, so you'll 
standardize on AMD Flash. 


Call now for details on the industry standard 
AMD Am29Fxxx and the new 4Mbit Am29F040. 
Because you just can’t afford to invest in non- 


standard technology. 


800-222-9323 


ES 


| ask for 


/ Literature 
mmf Pack 18X. 


oe 
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Advanced Micro Devices 


One AMD Place, P.O. Box 3453, Sunnyvale, CA 94088. © 1994 Advanced Micro Devices, Inc. AMD and the AMD logo are registered trademarks, and Embedded Erase and Embedded Program are trademarks of Advanced Micro Devices, Inc. 
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Communications 


AUDIO 


= COMPRESSION & 


Goodbye electronic cottage. Say 
hello to a communications world in which 
users will roam free like nomads, yet 
remain as interconnected as if they were 
still hard-wired to their desks. 

Silicon Systems is the one mixed- 
signal integrated circuits (MSICs°) 
company now involved in all facets of this 
smaller, yet highly evolved, state of 
portable communications: WAN digital 
transmission, LANs, modems and 
Wireless communications, 

Partnering with farsighted design 
engineers like you, we’re developing low- 
power, high-performance and small- 
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? MICRO § 


footprint communications ICs for 
motherboard, daughterboard, and 
PCMCIA card integration. For wide area 
network digital transmission. For wire line 
and wireless modems with data/fax 
capability. For portable LANs. And for 
high-frequency wireless applications as 
well as a wide range of other portable 
systems. 

In this small world your next big idea 
becomes all the more achievable when 
you take advantage of our custom MSICs 
product expertise. Our design centers in 
North America and Asia. And our 
comprehensive CMOS, Bipolar and 

CIRCLE NO. 48 


LCs 


BiCMOS fab process capabilities. Join us. 
Call us for our Communications Tool Kit 
Brochure, and if you’d like, we'll tell you 
how to contact your nearest 

Silicon Systems representative. 
1-800-624-8999, ext. 151. 


Silicon Systems, Inc. 
Communications/Industrial Products Division 
14351 Myford Road, Tustin, CA 92680 

Ph (714) 573-6000 Fax (714) 573-6906 
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By performing 
design iterations in 
software, EDA tools 
for wireless designs 
help you zero in on 
the right system 
design. 


WIRELESS EDA TOOLS 


EDA tools help 


fine-tune system design 


DOUG CONNER, Technical Editor 


Wireless systems have some of the toughest 
requirements in the electronics industry. 
Operating in an environment that may have 
atmospheric and electronic disturbances, 
wireless systems are often portable, necessi- 
tating compact size, low weight, and low 
power consumption to stretch battery 
endurance. DSP is fast becoming a standard 
feature on wireless systems too, adding com- 
puting power to the system requirements. 
Careful system design is necessary to create 
wireless designs that live up to their potential. 

Electronic-design-automation (EDA) 
tools can help you develop wireless systems 
by letting you assemble the system in soft- 
ware before you actually build the hardware. 
Using a software simulation lets you per- 
form a detailed analysis of the system’s per- 
formance before you build it. Although 
analysis itself doesn’t make a better system, 
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it gives you a better understanding of the 
system so that you can determine what, if 
anything, needs improvement. 

EDA tools at their most basic level can 
automate functions you once performed 
manually, such as schematic capture and 
physical layout. Although EDA tools that 
automate these tasks are more efficient than 
using manual design, the tools’ greatest ben- 
efit is that they allow you to start a system 
design at a high level and work with a top- 
down design methodology. You model the 
system at its highest level and then simulate 
how the system behaves to inputs. Your sys- 
tem specification should guide you as to what 
to simulate and the level of detail you 
require. 

The sooner you can get a handle on how 
your system will perform, the sooner you 
can get on a predictable development path. 


CDMA Spread Spectrum Sustem 
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The Signal Processing Worksystem (SPW) from Comdisco Systems lets you model and simulate wire- 
less communication systems, such as this code-division multiple-access design. 
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WIRELESS EDA TOOLS 


Of course, no design that advances the 
state of the art is completely pre- 
dictable. You can’t even be sure it’s pos- 
sible until a system is operating. Simu- 
lation, however, can go a long way 
toward verifying that a system will 
work. Furthermore, until you deter- 
mine that your system design is satis- 
factory, designing details will be a 
waste of time. 


Design with fewer iterations 

The time you spend developing a sys- 
tem-level simulation is time taken away 
from other design tasks. In addition, 
EDA tools cost money, and training 
takes time away from productive design 
work. Even after training, it takes time 
to become really proficient with the 
tools. How do you know all this time and 
money is well-spent? 

One way is to look at historical 
results within your company. If it takes 
several iterations of a design to get the 
final product right, then you can 
improve your current product-develop- 
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ment methodology. Even removing one 
iteration could save time and money. A 
top-down design methodology could 
potentially save one or more iterations 
in developing a design. 

If your current design methodology 
doesn’t result in multiple iterations to 
reach your desired product, your 
method may be satisfactory. However, 
you should still consider the impact sys- 
tem simulation may have on your prod- 
uct. For example, you may design a bet- 
ter product with simulation because it 
allows you to experiment with design 
changes to see how they affect the sys- 
tem’s overall performance. One of the 
major benefits of simulation is that it 
lets you quickly test many design 
changes. 


Complex considerations 

Almost any electronic design can ben- 
efit from system simulation, and wire- 
less systems have a variety of compli- 
cating considerations that make system 
simulation particularly helpful. For 


WIRELESS EDA TOOLS 


: ed system blocks; lets users d 


example, many wireless systems, espe- 
cially those for communication, use 
complex modulating schemes to trans- 
mit as much data as possible through a 
given portion of the electromagnetic 
spectrum. You cannot use simple calcu- 
lations to approximate the performance 
of these complex modulation schemes. 
Furthermore, the wireless environ- 
ment is a demanding one in which trans- 
missions may be subject to interfering 
signals, reflections, weather-related 
effects, and other disturbances that 
make analyzing performance difficult. 
Another aspect of wireless design is 
a trend toward the increasing use of 
DSP, which adds another variable to 
the design process. A typical DSP 
design requires you to consider cost 
and performance tradeoffs on the level 
of DSP vs analog signal processing. 
DSP can make the performance of a 
system less sensitive to manufacturing 
variations. The performance of an ana- 
log design, however, varies from unit to 
unit, primarily due to component vari- 
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WIRELESS EDA TOOLS 


ations in resistors, inductors, and 
capacitors (although a_ properly 
designed analog product can accommo- 
date analog-component variations and 
still meet performance specifications). 
Digital systems, on the other hand, per- 
form identically on all units. In addi- 
tion, in many cases, especially at the 
lower-frequency portions of wireless 
systems, DSP provides performance 
superior to that of analog and at a lower 
cost. 

Portions of wireless systems will 
remain analog for a long time to come. 
For example, the RF portion is current- 
ly always analog, and DSP techinques 
are just starting to become viable for 
some IF applications. You can best find 
the proper mix of analog signal pro- 
cessing and DSP by simulating the sys- 
tem as a whole to make sure the perfor- 
mance is up to the specification. You can 
then evaluate which approach provides 
the lowest total system cost. 


Experiment with tradeoffs 

Creating a system simulation can be 
relatively quick if you have a library of 
models that covers the system compo- 
nents you need; acquiring or developing 
new models, however, takes time. Once 
you develop a simulation, it becomes 
relatively easy to make small design 
changes and run the many system 
tradeoffs necessary to analyze and set- 
tle on a design. 

Once you settle on a design, you can 
move on to designing the details of the 
system. One of the great benefits of sim- 
ulating and iterating a design until the 
simulation indicates that a system will 
meet your requirements is predictabil- 
ity. If you start with a system simula- 
tion and develop a top-level design that 
works, then you have a predictable 
design process as you work to change 
each block in the simulation into a 
detailed circuit performing the func- 
tions required. 

Choosing the proper system simula- 
tor for wireless designs means finding 
one that fits your design process. One of 
the most important considerations in 
choosing a simulator is the product’s 
model library. 


The importance of models. 

Models are the currency for simula- 
tors: Without models, a simulator is 
useless. When you shop for a simulator, 
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FOR FREE INFORMATION... 


For free information on the wireless electronic-design-automation products discussed in this arti- 
cle, circle the appropriate numbers on the postage-paid Information Retrieval Service card or 
_use EDN’s Express Request service. When you contact any of the following manufacturers 
directly, please let them know you read about their products in EDN. 


_ Cadis Software : 
~ South San Francisco, CA 
(415) 615-7789 
Circle No. 323 © 
Comdisco Systems | 
Foster City, CA 
(415) 574-5800 — 
Cirle No.324 | 


Circle No. 327 


Wilsonville, OR 
Circle No. 328 


Elanixinc —s—w 

Westlake Village, CA _ 

(818) 597-1414 

Circle No. 325 

HP-EEsof 
Westlake Village, CA 
— (818) 879-6200 
— Circle No. 326 


spend plenty of time examining the 
model libraries to make sure the model 
goes into the level of detail you require. 
For most wireless work, you need a 
library of models specifically dedicated 
to telecomm design. 

The model library needs to include 
models not only for system components, 
such as amplifiers and mixers, but also 
for modulation schemes, atmospheric 
degradation, and other parameters. If 
you cannot obtain the models you need 
in a library, you can obtain them from 
other sources. For example, the simula- 
tor vendor may develop models for a fee, 
and manufacturers of wireless-system 
components sometimes develop models. 
Alternatively, you can develop the mod- 
els yourself. 

You also need to evaluate how the 
simulator works with the rest of your 
design tools as you go from a top-level 
system design down to a detailed 
design. If you are doing only the top- 
level system design, and someone else or 
another company is designing the mod- 
ules that go into the system, then you 
don’t necessarily need the simulator to 
work with lower-level design tools. 
However, if you are designing the mod- 
ules or function blocks that comprise the 
system, you might want to be able to 
simulate each block and drop them back 
into the system simulation to see if the 
block still performs as expected. 

As your design progresses from a 
block-level system design into a 
detailed design, you need to decide 


Hyperception 
Dallas, TX (214) 343-8525 


Mentor Graphics 
(503) 685-7000 4 
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Roswell, GA 
(404) 751-9785 
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For more information on the wireless- 
EDA products available from all of 
the vendors listed in this box, you 

~ need only circle one number on the 

postage-paid reader service card. 


Circle No. 330 _ 


what level of fidelity you need from the 
simulator in representing the real sys- 
tem. High-level system simulators 
shouldn’t have difficulty representing 
both digital and analog portions of 
wireless systems. As you move down 
into detailed design, you may require 
more sophisticated mixed analog-digi- 
tal simulation. 

Systems with DSP blocks require 
special consideration. For example, you 
may simulate your system at the top 
level with a floating-point representa- 
tion. As you work out the detail design, 
you may actually be using fixed-point 
processing for higher speed and lower 
cost. The floating-point representation 
now needs to change to represent the 
quantization effects of the fixed-point 
computations. The ability to represent 
the actual resolution of the hardware is 
called “bit-true simulation.” 

You may place other requirements on 
a wireless-system simulator. It may 
take time to find a simulator, acquire or 
develop the models, and learn to use the 
tool effectively. In the long run, though, 
it should help you design the system you 
want with fewer iterations. EDN 


You can reach Technical Editor, Doug 
Conner at (805) 461-9669, fax (805) 461- 
9640. 
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INTRODUCING [HE 
(GREAT SONY CACHE ADVANCE. 


Now for the first time, high-speed data RAM, tag RAM and control 


logic — a complete, integrated cache subsystem — on a single chip. 


We call this breakthrough Sony Cache. Now you can really go 
for both — unheard-of PC performance and mobility. 


Think of it as pure gold — cache-in-the-bank. 


Sony Cache is based on our new Memor{-intensive ASIC, 
or MASIC™ technology. With it, we can quickly turn new cache 
chips to make sure memory is no longer a system bottleneck. 
Sony Cache fits in only a fraction of the space of competing 


modules while consuming less than 2 watts at 50MHz. 


The first of a growing family of Sony Cache chips 
(CXK784862Q-33/50) are available now in 33 and 50 MHz 
versions. Each works with 486SX/DX/DX2 processors and a wide 


variety of chip sets. Cache size is 256KB cascadeable to one MB. 


For your cache advance, call 1-800-336-SONY. 


We make the chips. You make the history. 


SONY 


Now Memory CAN KEEP Up 
WITH YOUR PROCESSOR. 


Somebody may have thought of building all this into a chip before. 


Feature Sony Cache 


But it took Sony’s high-density 


SRAM technology to do it. CPU 486 
VCC SV | 
And with it, you win: Being: ee eny 33/50(MHz) 
Part Number CXK784862Q-33/50 
| f Data RAM 32K x 36 x2 
MASIC- based, Sony Cache Tag RAM 4K x20x2 
f Controller Look Aside 
quickly adapts to new proc- Type Write Through 
Mapping ' 2-way Set-Assoc. 
essors and chip sets in time Cache Size 256Kbytes 


Cascadeability Up to 1Mbyte 
Process O.5um CMOS 

HS SRAM Tech. 
Package 160PQFP (28mm) 


to help you beat your comp- 


etition. It’s ideal for “green” PC 


and mobile computing because it takes only about one-quarter the 


power and space of the modules it replaces. 


Best of all, you get significant system cost savings, built-in single- 


chip reliability, enough flexibility to gang up to four cache chips on a 
single tiny SIMM, and Sony to back it up. 
Keep up with your processor, call 1-800-336-SONY. 


We make the chips. You make the history. 


© 1994 Sony Electronics Inc. 
Reproduction in whole or in part without written permission is prohibited. 
All rights reserved. Sony and MASIC are trademarks of Sony. 
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16 Mbit DRAMs from Hyundai. 


Sourcing used to be simple. The 
buyer and the design engineer got 
together for a few minutes. And that 
was it. 

No more! 

Now, virtually all of the make or 
break purchases for DRAMs and other 
major ICs in companies with over $10M 
in sales* are the result of a cross- 
functional team dynamic. And remem- 
ber, no company has a bigger commit- 
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ment to team dynamics than Hyundai. 

Hyundai knows the engineer 
needs better performance from the 
technology. Production must have 
qualified, readily obtainable parts. 
Purchasing has to get the best possible 
price and delivery. And management 
must build a long term strategic part- 
nership with suppliers to obtain a 
superior competitive advantage. 

Our new 16 Mbit dynamic RAMs 
are one more example of our dedication 
to the needs of the new team dynamic. 
We're committed to your success and 
the success of your cross-functional 
buying team through Hyundai's 
commitment to quality, reliability, 
manufacturing capability and value 
added pricing. 


Size _— Part 
: Number 


HY5116400. 


_-HY5116410 
—-HY5117400 
ober 


HY5116160 
HY5116260 


—_-HY5118160 
--HY5118260 


Woo CC 


Re 
Cyc 


16Mx1 HY5116100 60/70/80 4096/64 
—-HY5117100 


2048/32 


4096/64 

4096/64, WPB 
2048/32 
2048/32, WPB 


4096/64 
— 4096/64, WPB- 
a3 —CO 
2048/32, WPB- 


2CAS, 4096/64 == 494 
2CAS, 4096/64, WPB ts 
2S, 102475 i tes 

2CAS, 1024/16, WPB 


All available in standard and low power versions. 
Packages include SOJ, TSOP II, reverse TSOP II. 


New 16 Mbit DRAMs, designed with 
team dynamics in mind. 

Evaluation samples of Hyundai 
DRAMs organized 16M x 1, 4M x 4 
are available now. Coming soon are 


DRAMs organized 1M x 16 and 2M x 8. 


And many will operate off of a 3 volt 
source too. 

Hyundai’s new DRAMs feature 
speeds of 60, 70, or 80 ns. Immediately 
available, the HY5116100 and 
HY5117100 are organized 16M x 1 and 
provide 4096 refresh cycles per 64 ms 
and 2048 refresh cycles per 32 ms, 
respectively. New 4M x 4 parts include 
the HY5116400, with 4096 refresh 
cycles per 64 ms, the HY5116410 with 
write-per-bit capability, and the 
HY5117400 and write-per-bit capable 


“Electronic Business Buyer 


HY5117410 offering 2048 refresh 
cycles per 32 ms. 

All parts are available in standard 
and low power versions, dissipating 
495 mW operating at 60 ns, 440 mW 
at 70 ns, and 385 mW at 80 ns. Other 
features include operation from a single 
5V +10% power supply, TTL compatible 
inputs and outputs, fast page mode 
operating, multi-bit test capability, read- 
modify-write capability, and CAS- 
before-RAS, RAS-only, as well as 
hidden refresh. Packages include 
standard 24/28 pin plastic, TSOP Il, and 
reverse TSOP II. TSOP will be available 
soon. 

These new parts are 
products of Hyundai’s 0.55 oo 
micron CMOS process, at one of 
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the most advanced electronics manufac- 
turing plants in the world. So if pur- 
chase of 16 Mbit DRAMs is on your 
agenda, and you don’t want to get 
caught short the way some did on 

4 Mbit, start the team dynamics now. 


Free 1994 16 Mbit DRAM Data Book. 

Yours for the asking. Please 
phone, fax, or write for your copy 
today. Phone (408) 473-9274. Fax 
(408) 473-9370. Address Hyundai 
Electronics America, 166 Baypointe 
Parkway, San Jose, CA 95134. 


Committed to your SUCCESS. 
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S Why struggle with the pieces 
when Daytona solves the p 


R4000°-based : _—_ 
Silicon Graohiccs Introducing Daytona: 


Fee The high productivity integrated real-time workstation. 


System V.4) 


: Daytona brings together everything you'll need for operating system and VxWorks® 
Nine slot VME card poe ‘ied aie ity 


developing hard real-time applications. And you real-time development environment provide 


cage 
won’t find any pieces missing. the functionality and freedom you require. 
68K or MIPS® real-__- : 
time processors | Daytona’s a fully integrated system consisting of a For multimedia, Daytona comes with real-time video, 


Optional Wind Riv oF Silicon Graphics® Indy™ workstation embedded in CD-quality audio and Media Mail™. A color digital 
Systems’ VxWorks | _Heurikon’s nine slot VMEbus enclosure. The result? camera is even included as standard along with a 
g@a-v eles elee-teiare, = | = All the power and performance you'll need to color monitor, keyboard and mouse. 


system | develop and implement the most demanding 


ef So why waste time integrating and debugging 
Entire system ' applications. 


when you could be completing projects? To take 


oo by Manipulate medical images in 3D. Simulate a closer look at how Daytona brings everything 
advanced weapons systems or control printing in together on one real-time workstation, please call 
Meets all safety and real-time. Whatever your application, the IRIX™ 1-800-356-9602 for our detailed brochure. 


F_C.C. standards 


Heurikon has over | 


experience and is | A COMPUTER PRODUCTS COMPANY 
ISO 9001 certified 


Heurikon Corporation 8310 Excelsior Drive Madison, WI 53717-1938 [800] 356-9602 Voice [608] 831-5500 Fax [608] 831-4249 E-mail: info@heurikon.com 


©1994 Heurikon Corporation. Heurikon and Daytona are registered trademarks of Heurikon Corporation. All other trademarks are property of their respective owners. ISO certificate # FM 26789. 


The process-control 
industry is teasing 
out a global stan- 
dard for a digital- 
communications bus 
from an assortment 
of proprietary and 
national standards. 
Frustrated by the 
slow progress, how- 
ever, vendors and 
users are looking 
for bus systems 
they can adopt 
today. 


| Listings of ISP and 
_WorldFIP ICs and 
Mane support tools are 
available on EDN’s comput- 
er bulletin-board system. 
Phone (617) 558-4241 with. 


modem settings _ 
300/1200/2400 8,N,1. 
Access /freeware |G and 
specify the (r)ead option fol- 
lowed by (kJeyword search 
for “TU417.” 


EDN-TECHNOLOGY UPDATE 


INDUSTRIAL BUSES 


Network vendors agonize 
over fieldbus standard 


BRIAN KERRIDGE, Technical Editor 


Mention “fieldbus,” and the entire process- 
control and factory-automation communities 
heave a mighty sigh—not of relief, but of 
sheer irritation, impatience, and confusion. 
In an effort to establish an international 
fieldbus standard and with a workable stan- 
dard probably more than five years away, 
market forces have compelled two quasistan- 
dard bodies to publish, promote, and support 
their complete—but different—specifica- 
tions for a fieldbus. These bodies, with the 
unlikely titles of Interoperable Systems Pro- 
ject (ISP) and World Factory Implementa- 
tion Protocol (WorldFIP), have each sworn 
allegiance to the official developing standard 
and to converging their specifications with 
whatever the standard finally becomes. 

Against this confusing and uncertain 
background, designers of process-control 
and factory-automation products must 
decide how to proceed. Falling into line with 
ISP or WorldF IP means designing on a foun- 
dation of slowly shifting sand. Some level of 
early obsolescence seems unavoidable. 

Certainly for the short term, companies 
that want their products ultimately to con- 
form face a dichotomy: Which army will 
march the shortest route to the standard? 
Hach side is assembling an armory of silicon 
and design tools, field trials are in progress, 
and the battle is about to commence. And, by 
the way, shoot the first guy who says main- 
taining conformance means changing only a 
bit of software. 

“Fieldbus” is a generic term describing a 
digital, bidirectional, multidrop, serial-bus, 
communications network to link isolated 
industrial field devices, such as sensors, 
actuators, and controllers. Overall, by 
installing low-cost computing power in each 
field device, fieldbus will replace centralized 
control by distributed-control networks. 
Fieldbus will also improve data integrity 
and introduce device control, calibration, 
and diagnostic functions. Other benefits, 
including lower installation and mainte- 
nance costs, result from substantially sim- 
pler plant cabling. 


Considering the maturity of the process 
and automation industries, you might 
expect there to be at least some de facto 
standard digital network. In reality, howev- 
er, nothing could be further from the truth: 
The most standard feature of today’s indus- 
trial-control systems is still the 4- to 20-mA 
analog signal that has been in use for 
decades. 

But don’t imagine that the absence of a 
digital standard results from any lack of 
resolve on the part of officialdom. Since the 
mid-1980s, the Instrument Society of Amer- 
ica (ISA) and the International Electrotech- 
nical Commission (IEC) have made tremen- 
dous joint efforts to establish a unified 
fieldbus standard. But, despite their efforts 
and the volumes of draft documents in cir- 


eee 


Fieldbus introduces distributed-control network- 
ing to future process-control and factory-automa- 
tion systems. The system significantly advances 
plant design and management in data integrity; 
device control, calibration, and diagnostics; and 
plant cabling. 
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culation, ISA/IEC have so far pub- 
lished a specification (Ref 1) for only 
Layer One—the physical layer—of a 
fieldbus. 

A multitude of problems, none of 
which is technology-based, has dogged 
ISA/IEC’s drive for a complete stan- 
dard. The main difficulty is achieving 
consensus among the many heavy- 
weight players in the process-control 
and factory-automation industries. 
These system suppliers have jealously 
protected an immense installed prod- 
uct base and substantial future inter- 
ests. Equally, some suppliers—with 
hitherto-proprietary bus schemes—are 
slow to accept the concept of an “open” 
standard and the prospect of product 
interoperability. 

Other reasons for the delay relate to 
the ambitious scope of the proposed 
standard. Although primarily for com- 
municating between field elements in 
the process industry, the standard will 
also apply to plant automation in build- 
ing, manufacturing, and transporta- 
tion. The standard will specify all lay- 
ers of an ISO/OSI 7-layer model for a 
communication protocol and will 
include an eighth user layer to ensure 
full product interoperability. 

Interoperability, a key fieldbus objec- 
tive, permits straightforward substitu- 
tion of bus devices from different man- 
ufacturers without affecting overall 
system performance. Toward that end, 
all bus devices will contain a software- 
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NEW BOOK FOCUSES ON FIELDBUS 


On June 1, UK- bcd GGH oketns Cote consultant to i hele con 
munications and control-instrumentation industries, will publish The Fieldbus Book. The 
book contains a directory of fieldbus products, including chips, development systems, 
networking products, field devices, and controllers. To obtain a copy, contact Geoff 


Pen GGH | V 


function block or blocks and a software- 
device description appropriate to the 
device. For example, a sensor will con- 
tain an “analog-input” function block, 
and an actuator will contain an “analog- 
output” block and maybe a “3-term-con- 
trol” block. The device description dif- 
ferentiates between similar types of 
devices, such as high- and low-temper- 
ature-range sensors. With function 
blocks, device descriptions, and “set- 
point” data from hosts, a sensor and an 
actuator will work together over the 
fieldbus, forming a separate control 
system. 


ISP and WorldFIP set up shop 

Both ISP and WorldFIP have set up 
organizations to promote their versions 
of fieldbus. These organizations offer a 
wide range of services, including pub- 
lishing specifications, newsletters, and 
catalogs; offering sources of silicon and 
design tools; providing seminars, train- 
ing programs, and field-trial support; 
and coordinating product-compliance 


TABLE 1—FIELDBUS VERSIONS 


erg Communications, Titchfield, UK. 44 (329) 846166. 


testing. Most of these services support 
organization member companies. What 
a company pays for membership 
depends on its size and the level of sup- 
port it requires. ISP’s annual charge 
ranges from $1000 to $75,000 for com- 
panies with sales of more than $100 mil- 
lion. WorldFIP’s annual charge, which 
is double in the first year, ranges from 
$1000 to $12,000 for companies with 
1000 or more employees. 

ISP’s principal subscribers include 
Fisher-Rosemount, Foxboro, Siemens, 
and Yokogawa. Behind WorldFIP are 
Allen-Bradley, Honeywell, Square D, 
and a strong contingent of French com- 
panies, including Cegelec, Electricité 
de France, Elf, and Telemecanique. 
WorldFIP’s French influence comes 
from an earlier French National Stan- 
dard, NFC 46-600, also known as FIP, 
from which WorldFIP developed. By 
comparison, ISP emerged largely from 
a German National Standard, DIN STD 
19245, also known as Process Field Bus 
(Profibus). 


coin | Werlarw LonWorks _—s| HART __ 
Twisted pair, 
power line, 
wireless — 


38 or 78 kbps, 
1.25 Mbps 


31.25 kbps (H1), 
_ 1 or 2.5 Mbps (H2) 


31.25 kbps (H1), _ 


31.25 kbps (H1), : 
1 or 2.5 Mbps (H2) ~ 


1 or 2.5 Mbps (H2) , 


Data rate 1200 bps 


. ~ 4900 (H1), 


1900 (H1),  . 
| 760 (He) 


750 (H2) 


Line length 1900 To 1500 


1200 (38 kbps), 


2000 (78 kbps) 
500 (1.25 Mbps) 


127/subnet 
32,385/domain 


| 32/segment, 
r—“‘“éNéWA 
| 64 regions 


Maximum «© 
no. of nodes 


| Dual-master 


| centralized = 


multiple-access 


Data-link layer | No specification _ | Token-passing, 


| centralized 


Centralized 
User layer No specification . - Implemented Implemented Not implemented “Implemented 


DC power Planned Yes 


| Yes 
on bus _ 
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NEW. 


Isolated Bi-Directional 
Digital Coupler 


Better Than Optocouplers 1$0150 Key Specifications 

IS0150 was designed to replace optocouplers—it uses high al | bs oes a a ee 80M Baud (typ) 
/oltage capacitors instead of an LED/photodiode combination to e Power consumption per channel... cece 25mW (max) 
ransmit signals across the isolation barrier. (Optocouplers require © |solated rated CONTINUOUS «0.0.0.0... 1500 Vrms 
arge current pulses to drive the LED, causing noise spikes on the e |solated partial discharge (tested) .........c cece 2400Vrms 
dower supply line.) Its combination of low power, high speed, and e Isolated highest allowable... cece 


ow cost solves many design limitations inherent in optocouplers— PAGO ISIANCE ico saci fu kncel Sesleateesadiasl tocdutdabes 
t's a reliable and cost effective alternative! And, 1$0150 is very e From $6.80 in 1000s 
2asy to use—no external components are required. 


Innovative Solution Try One...Free Samples! 


1$0150 has two, bi-directional channels—each channel can be Try our innovative solution 
configured independently to transmit or receive signals across the that’s better than optocouplers! 
solation barrier. It's an ultra high-speed capacitively coupled digital To get your FREE SAMPLE, 
device that delivers high isolation with very low power consumption. — detailed data sheet, and /so/ation 
Use 1$0150 for a variety of applications including digital isolation Products brochure, just call 
for A/D and D/A conversion, multiplexed data transmission, 1-800-548-6132. Or, contact 
computer-to-peripheral interfaces, I/O port isolation in instruments, — your local sales representative 
oower inversion, and isolated data acquisition systems. for more information. 
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Both FIP and Profibus 
remain alive and_ well, 
although fieldbus purists 
despise the inability of these 
buses to be “intrinsically 
safe.” Intrinsic safety, an 
important option for any 
future fieldbus system, 
refers to the power level a 
device can transmit along the 
bus—a significant factor 
when a device is processing 
flammable material, for 
example. This safety limit 
also accommodates another 
fieldbus option that requires 
bus cables to carry de power 
to field devices. Both FIP and 
Profibus fail to conform to 
current intrinsic-safety lim- 
its because they are based on 
high-level signaling and 
because they require 4-wire 
cables compared with a sin- 
gle twisted pair for the field- 
bus. 

If you’re not already con- 
fused, take a look at Fig 1, 
which shows the origins of 
the three main fieldbuses. 
However, Table 1, a compar- 
ison of the salient features of 
the main fieldbuses and their 
alternatives, might allay some of the 
confusion. 

The first silicon that supports ISP or 
WorldFIP comes in the form of device- 
communication controllers. Generally, 
these controllers handle all physical- 
layer functions and, to various degrees, 
functions in the data-link layer. In 
these products, 8-bit register inter- 
faces allow direct connection via an 
Intel- or Motorola-type bus to a device’s 
host processor. 
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ISA/VIEC 
FIELDBUS 
STANDARD 


PROFIBUS [= 
—=— 


= =a a 


Fig 1—The complex origins of fieldbus offer significiant obstacles 
to evolving a single global standard. Ultimately, if all goes accord- 
ing to plan, the three large ovals representing ISA/IEC, ISP, and 
WorldFIP should increasingly overlap and unite. 


Among the companies offering such 
controllers are Fuji Electric and Yoko- 
gawa. Both companies’ controllers sup- 
port ISP protocols. For the lower 31.25- 
kbps data rate (H1), Fujiand Yokogawa 
offer the Frontier-1 and Find-1 con- 
trollers, respectively. For the higher, 1- 
or 2.5-Mbps data rates (H2), Yokogawa 
offers the Find-2 chip-set pair. 

Another company, Shipstar Associ- 
ates, claims that its Fchip-1 series of 
controllers supports both ISP and 


LOOKING AHEAD 


WorldFIP protocols at 
either high or low data rates. 
Fchip-1 uses Actel ASIC 
technology and later will use 
AMI ASICs when Shipstar 
begins manufacturing the 
devices in large volumes. 
Shipstar also offers a wide 
range of support tools. 

You can also obtain World- 
FIP controllers and a PC- 
based development kit 
($15,000) directly from 
WorldFIP. Controllers in- 
clude FullFIP2 from Ceg- 
elec and FIPC01/2/3 from 
Telemecanique. 

If entering the main battle 

_7 | is not for you, there are 
/ | other, more immediate and 
/ ___|-_ proven routes to a fieldbus. 
For example, Echelon’s Lon- 
Works control network and 
Rosemount’s Highway 
Addressable Remote Trans- 
ducer (HART) protocol rep- 
resent viable alternatives. 
- Barry Haaser, Echelon’s 
marketing director, shows 
scant concern that the com- 
pany’s LonWorks is not wed- 
ded to a global fieldbus stan- 
dard. In fact, he believes it’s 
unlikely that such a standard will ever 
emerge. If you look at the nature of the 
industry and its players and the history 
of FIP and Profibus, you see the same 
battle continuing and moving to the 
United States, says Haaser. He believes 
that it’s unlikely that we’ll see a clear- 
cut winner. 

Haaser says the most obvious need is 
for a fieldbus that’s available today and, 
more important, that the fieldbus that 
emerges is at the sensor-network level 


Having hauled the fieldbus juggernaut thus far, the Instrument 
Society of America (ISA) and International Electrotechnical 
Commission (IEC) technocrats are likely to see the task 
through to completion. However, the form the SP50 specifi- 


cation will take and when it will arrive remain in doubt. Cur- 
rently, Part 3, the data-link-layer service definition, and Part 
4, the data-link-layer protocol section are at the public-review 
stage, which means both are likely to become part of the stan- 
dard by year-end. Several drafts exist for other layers, includ- 
ing a physical-layer amendment to include a wireless medi- 


layer. These drafts are at committee stage with no prospect 
of becoming standard in the short term. 

_ From a designer's perspective, too much rhetoric surrounds 
the ISA/IEC, Interoperable Systems Project (ISP), and World - 
Factory Implementation Protocol (WorldFIP) fieldbus subject. 


This rhetoric compounds the confusion already surrounding — 


the complex origins of fieldbus. Unfortunately, this confusion — 


‘encourages users and vendors to further delay a technology 


leap that promises a startling effect on the way we control 
our world. | _ 


um, and a mammoth 1200-pg draft for a user-application 
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No Data Acquisition Application 
Is Beyond Our Grasp. 


Whether you're making scientific measurements to 
24-bit resolution, performing FFTs in real time, or looking 
for a robust yet low cost solution, Data Translation has the 
right data acquisition solution for you. With more than 
300 products, you can easily find exactly what you need. 


Using our Windows-compatible software, you'll get 
your project up and running faster than ever. For immedi- 


Whatever your needs, call Data Translation first. 
We have it all: the right hardware, easy-to-use software, 


ate application gratification, choose one of our icon or 


menu-driven packages and you'll be acquiring data and exceptional pre- and post-sales customer support. 


And that’s quite a handful. 


assured that your code will run any supported board with FOR MORE INFORMATION, CALL 1-800-525-8528, 


little or no reprogramming. DATA TRANSLATION ® 


DT VEE" is based on HP VEE for Windows™ 


within minutes. Develop your applications using one of 
our DT-Open Layers™ compliant software tools, and rest 


UK Headquarters: (0734) 793838, Germany Headquarters: (07142) 95 31-0, France ae 50.45.95.83, Italy Headquarters: (39) 30242-5696. Sales Offices: Australia 2699-8300; Austria: (222) 36-7660; 
Belgium (02) 466.81.99; Brazil 11564-6024; Canada (416) 625-1907 or (800) 268-0427; Denmark (45) 4227-4511; Finland (358) 0351-1800; Greece (30) 1361-4300; Hong Kong (852) 515-0018; India (91) 2223-1040; 
Israel (972) 954-5685; Japan (81) 33502-5550 or (81) 335379-1971; Korea (82) 2718-9521; Malaysia (60 ; 3248-6786; Mexico (52) 5575-6091, (52) 5575-6098; Netherlands (31) 70399-6360; New Zealand (64) 9415-8362; 
Norway (47) 22434150; Poland 4822 580701;Portugal (351) 1793-4834, (351) 1793-4934; Singapore (65) 336-4767; South Africa (27) 12803-7680/93; Spain (34) 1555-8112; Sweden (46) 8765-0208; Switzerland (41) 1386-8686; 
Taiwan (88) 62303-9836; Turkey (90-1) 288-6213 (90-1) 288-6215 CincLE NO.69 EDN April 28, 1 994 » 49 
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of a control hierarchy. LonWorks finds 
most success at this level, which 
includes sensors, actuators, and dis- 
tributed-I/O devices. The product 
range currently has over 700 users 
worldwide and includes around 100 
OEM products. Echelon also offers 
a product-interoperability testing 
service. 

LonWorks’ major features include 
the wide range of media it supports 
(twisted pair, RS-485, fiber, power line, 
and wireless), its low cost ($10 to 
$20/node), and its size (2 in?/node). Lon- 
Works nodes use Neuron chip con- 
trollers from Motorola and Toshiba, and 
a comprehensive range of software- 
development and network-management 
tools are available. 

Rosemount’s HART protocol has the 
virtues of being fully developed, avail- 
able, and well-supported. HART user 
groups boast an installed base of more 
than 500,000 units using this open-bus 
standard. Key to its appeal is the abili- 
ty to carry a conventional 4- to 20-mA 


analog signal with digital data on one 
twisted pair. HART systems use a Bell 
202 1200-bps FSK signal superimposed 
on the 4- to 20-mA signal. The FSK sig- 
nal has no de component, allowing the 
analog and digital data to coexist with- 
out interference. In practice, though, 
this system limits the digital message- 
transaction rate to three transac- 
tions/sec and multidrops/loop to 15 
when you use HART in digital-only 
arrangements. 

Mark Portlock, process-control prod- 
ucts manager at Arcom Control Sys- 
tems, says these limitations are not sig- 
nificant for many data-acquisition and 
maintenance systems and process-con- 
trol systems with relatively long 
response times. He says HART partic- 
ularly suits systems involving physical 
metering and control, in which temper- 
ature, pressure, or flow changes, for 
example, take seconds or longer. Facto- 
ry-automation and process-control 
applications with response times 
requiring more than 10 message trans- 


FOR FREE INFORMATION... 


For free information on the fieldbus products discussed in this article, circle the appropriate 
numbers on the postage-paid Information Retrieval Service card or use EDN’s Express Request 
service. When you contact any of the following manufacturers directly, please let them know 


you read about their products in EDN. 


Arcom Control Systems 
Kansas City, MO 

(816) 941-7025 
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Cegelec 

Massy, France 
33 1 6013-4040 
Circle No. 302 


Echelon 

Palo Alto, CA 
(415} 855-7400 
Circle No. 303 


HART User Group 
Eden Prairie, MN 
(612) 828-3088 
Circle No. 304 


Fuji Electric Co 
Tokyo, Japan 
81 3 3375-7311 
Circle No. 305 


GGH Marketing 
Communications 
Titchfield, UK 

44 (329) 846166 
Circle No. 306 


instrument Society of 
America 

Research Triangle Park, NC 
(919) 549-8411 

Circle No. 307 


Austin, TX 
Circle No. 308 


Titchfield, UK 
Circle No. 309 


Rosemount 


Circle No. 310. 


Newark, DE 
Circle No. 311 


Siemens 


ircle No. 312 
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ISP Foundation 
(512) 794-8890 


Profibus Group 
AA (329) 846166 


Eden Prairie, MN 
(612) 828-3088) 


-Shipstar Associates 


(302) 738-7782 


~ Karlsruhe, Germany 
49 im 1) 595-2058 
Circ 


Smar Research 
Ronkonkoma, NY 
(516) 737-3111 
Circle No. 313 


Softing 

Munchen, Germany 
49 89 413-0040 
Circle No. 314 


TMG i-tec 
Karlsruhe, Germany 
49 721 964100 
Circle No. 315 


WorldFiP Inc 
Research Triangle Park, NC 
— (919) 941-5577 
ircle No. 316 


Yokogawa Electric 
Tokyo, Japan 

81 3 3349-0602 
Circle No. 317 


Super Circle Number 
For more information on fieldbus 
products available from all of the ven- 
dors listed in this box, you need only 
circle one number on the postage- 
paid reader service card. 


Circle No. 318 


actions/sec require the use of a high- 
speed fieldbus. 

Portlock believes that 15 mul- 
tidrops/loop is generous because, 
although the number of nodes in an 
overall system may exceed 15, sensors 
and actuators tend to be in clusters, 
which generally occupy different sites 
of a system. Thus, it’s convenient to run 
separate loops to each cluster. 

Portlock estimates a roughly 50:50 
split between HART users that retain 
the 4- to 20-mA function and those 
wanting full digital multidrop opera- 
tion. Users employing the mixed-signal 
arrangement use the digital path for 
data acquisition, control signals, and 
maintenance and calibration data— 
which is significant for ISO 9000-com- 
pliant systems. 

Portlock reports virtually no pres- 
sure from users or potential clients to 
standardize on a designated fieldbus. 
However, Arcom is carefully tracking 
developments because the company 
sees higher speed and distributed-con- 
trol performance as important for 
future systems business. Currently, 
though, Portlock says, the gray area 
surrounding the fieldbus makes it too 
early to predict the direction Arcom 
will take. 

For more information on HART sys- 
tems, the UK-based HART user’s 
group publishes the “The HART Book,” 
a directory of worldwide sources of 
HART-supported products. For fur- 
ther publications on HART systems, 
see Refs 2 and 3. EDN 
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ONLY ONE. 


The ultimate “navigation” tool 
for bringing your high-speed 
system to market on time is 
simulation. And your ultimate 
resource in total interconnec- 
tion simulation is one 
company - AMP. We'll help 
you chart the course between 
design concept and product 
introduction, and get you to 
payback faster. 

Our services start at the 
earliest stages of your pro- 
gram, with specialized inter- 
connect and active device 
models that allow us to simu- 
late, analyze, and validate 
your design while it’s still in 
the concept stage. Our simula- 
tion services find all the rocks 
and reefs— signal reflection, 
noise, crosstalk, ground- 
bounce, false switching, and 
impedance mismatch. We can 
show you how to avoid EMI 
problems, control thermal 
hotspots, and optimize voltage 
gradients — and how to suc- 


Noise voltage analysis predicts performance. 


cessfully plot your course to 
optimum performance and 
producibility before you com- 
mit your design to hardware. 

Now you can spot and 
avoid tough signal integrity 
problems-—in software—and 
go on to create a first article 
that meets performance 
specs without costly, time- 
consuming interconnection 
system design iterations. 

We'll provide any level of 
help you need—from expert 
simulation and analysis to 
CAD layout, first article to 
complete system production. 
So you can sail past project 
milestones quickly, and get to 
market with the right prod- 
uct, at the right time, at the 
right cost. 


If you would like more information about AMP simulation services, or a sample simulation 
model on diskette, call 1-717-986-7824 (fax 1-800-521-5495). AMP, Harrisburg, PA 
17105-3608. In Canada, call 905-470-4425. 
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Digital systems that in the 


distributed-power 
ture is particularly 


ge levels. Also, 
rable systems, 


3; by using 
arge digi- 


tal systems, 
branch excha 


telecommunications systems, 
can eliminate both high-cur- 
rent, low-voltage bus bars and 
the single-point failure mode 
of a centralized-power supply. 

The term “distributed 
power” means that each pc 
board or module in a digital 
own local de/de 


power is purely mechanical: It 
lets you handle distributed- 
power dc/de converters as 
components, assembling them 
on your pc boards, just as you 
would any other component. 


enior 
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Technical 


Bulk power supplies, on the 
other hand, are typically large 
mechanical assemblies that 
you must install and connect 
separately. 

Distributed power leads to 
a significant advantage for 
racked systems. Rather than 
distributing low voltages, 
such as 8 or 5V, at high cur- 
rent, a distributed-power sys- 
tem’s ac/de “bulk” converter 
dispenses higher voltages, 
such as 48 or 300V dc to its pe 
boards (Fig 1). Board-level 
distributed-power converters 
are available that accept stan- 
dard telecomm, military, and 
industrial input-voltage lev- 


ing currents 
requires copper and 
fewer ba onnector 


systems 
smaller 


to have a small number of 
heavy assemblies. The weight 
of the power assemblies is 
important not only in manu- 
facturing but also in the 
impact on a system’s resis- 


Editor 


tance to vibration and shock. 

As the inexpensive supplies 
in PCs show, the hardware 
cost of a custom, bulk supply 
can be very low, but other 
custom-supply costs are not. 
A custom supply often takes a 
significant amount of time to 
design. The power supply’s 
designer must foretell the 
maximum load currents the 
supply will encounter over the 
life of a product, even if the 
owner later installs options. 
While standard ICs’ data 


sheets provide the means to 


estimate power consumption, 
such estimations for custom 
devices can require advanced 
tools, such as Systems Sci- 
ence’s $18,500 PowerSim for 
VHDL ICs. Consequently, 
custom supplies are often 
overdesigned. 

Any changes in require- 
ments entail design changes. 
After each redesign, you must 
requalify the custom supply 
with safety agencies. If the 
custom power supply has a 
fan, the fan affects reliability 
because fans are a limited- 
lifetime component with a rel- 
atively high failure rate. 

Rather than concentrate 
power converters and their 


resulting power dissipation, 
distributed-power systems 
diffuse heat throughout a sys- 
tem. Using distributed power, 
onboard converters in the 5 to 
50W range can supply most 
loads. In these cases, 
natural convection can 
often cool the system, 
eliminating the use of 
fans. Higher loads 
often require forced 
convection. The price 
for poor cooling is a 
50% reduction in 
MTBF for every 10°C 
temperature rise. Or, 
as Calex’s Steve Hage- 
man says, “If you can- 
not touch your design 
because it runs too 
hot, it probably isn’t 
reliable.” 

Distributed power is 
not a new concept. 
Engineers have long 
been using DIP-sized de/de 
converters to develop tiny 
amounts +12 or +15V for RS- 
232C ports or small analog cir- 
cuits from local 5V digital-cir- 
cuit power. Even today, a less 
efficient—but much less cost- 
ly—onboard linear regulator 
is often the best choice for 
deriving small amounts of 


power from a higher interme- 
diate voltage. The telecomm 
industry is also using small, 
board-mounted, dc/de con- 
verters to develop electronics 
voltages from standard 


telecomm-equipment voltages, 
such as 48V de. However, these 
dc/de converters are limited to 
specific applications. 

The concept of distributed 
power really took off in the 
mid-1980s when Vicor Inc 
fielded high-power, compact 
converters in component form, 
and, simultaneously, the work- 
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station industry needed to develop high- 
ly configurable products. Vicor’s early 
lead led to an industrywide “Vicor-stan- 
dard” footprint—but, alas, not a stan- 
dard pinout or any compatibility 
between products from different suppli- 
ers (Fig 2). 


Benefits of distributed power 

Distributed power can reduce devel- 
opment cycles. You can select a con- 
verter for each pc board as you develop 
the board. The power supplies can thus 
be integral to your system—not an 
afterthought. You do not have to wait 
until the end of your development cycle 
to determine a system’s power require- 
ments all at once. A distributed-power 
system design is very predictable and 
can lead to reduced NRE costs. These 
Savings can outweigh the distributed- 
power modules’ higher cost. Power 
Micro expects 1500W distributed- 
power systems to cost less than $0.75/W 
within the next two to three years. 

Using the _ 1-converter/board 
approach eliminates low-voltage de dis- 
tribution—except for distributing 
power on individual pe boards them- 
selves, of course. In other words, you 
can eliminate hefty wiring harnesses 
and bus bars. Because a 
distributed-power sys- 
tem minimizes parasitics, 
it can have better tran- 
sient response than that 
of a centralized-power 
system. 

Upgrades are often 
easier, too. Consider that 
when you want to 
upgrade a system, you 
may want to do more than 
just increase the power. 
You may need to add a 
new voltage for some 
advanced ICs that oper- 
ate from lower voltages. 
As part of an upgrade, 
you can sometimes sim- 
ply swap out the local 
power converter rather 
than the whole power sys- 
tem. Upgrading a system having a cen- 
tralized-power supply this way may not 
be physically possible. The pe traces 
and backplane connector may not have 
enough pins or enough power-handling 
capacity. 

The architecture of a power system 
includes not only the power buses, but 
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Fig 1—A distributed-power system relies on pc-board-mounted local dc/dc converters. 


also power-supply control, fault diagno- 
sis, and status reporting. Distributed- 
power systems obviate remote sensing 
along with associated reliability and 
diagnostic problems in most systems. 
You could monitor or control a wide 
range of power-system elements: out- 
put voltages, airflows, temperatures, 
and energy saving during battery oper- 
ation, among others. The most basic and 
useful control is turning the converter 
on and off with an external signal. 
Using such signals, you can easily 
accomplish power sequencing. Some ac- 
control panels, such as those from 
Pulizzi Engineering, can help you 
sequence your bulk supplies. 
Telecomm systems often require the 
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Board-mounted dc/dc converters are a “hot” button for today’s system 
designers. (Photo courtesy Calex) 


converter to sense its own input voltage 
and to turn itself off if the input voltage 
goes below a certain value to safeguard 
a battery. Some newer converters allow 
you to program the voltage levels at 
which the converter turns on or off. You 
could also adjust the de/de converters’ 
output-voltage margins with fixed 
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resistors and analog switches or with 
D/A converters. 


Fault isolation 

You can isolate faults and contain 
damage more easily in a distributed- 
power system than in centralized-power 
system. You may need no more than 
simple board-level diagnostics. Distrib- 
uted-power systems usually combine 
the converter with the “field-replace- 
able unit” (FRU) it powers. Standard 
engineering techniques can make pc 
boards and modules “hot-swappable.” 
Thus, a service technician can simply 
replace the entire function and its 
power supply at the same time in the 
event of a failure (Fig 3). Ifa converter’s 
output in a distributed- 
power system goes high, it 
damages only one pc board. 
If a centralized-power sup- 
ply sustains an overvoltage 
condition, it can fry every 
component in the entire sys- 
tem. 

Acceptable reliability dif- 
fers, depending on whether 
you want a fault-tolerant or a 
high-availability system. By 
definition, no single failure 
ever brings down a fault-tol- 
erant system. “Fault toler- 
ant” implies full-blown 
duplication of hardware and 
exhaustive self-diagnostics. 
“High availability” means 
that only the rarest and most | 
unlikely failures can bring 
down the system. High avail- 
ability trades off availability for cost. 

The most obvious potential culprit 
for a catastrophic, single-point failure 
in a distributed-power system is the 
ac/de bulk converter. The probability of 
an output short in an ac/de converter is 
very small, but not zero. Techniques 
used in high-availability systems to 
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make the ac/de conversion less failure- 
prone include N+1 redundant ac/de con- 
verters (or N+2...N+M). A fault-toler- 
ant system would have 2N-redundant 
ac/de converters. 

In some cases, a pc board may demand 
more current than a single board-level 
de/de converter can supply while still 
meeting the component-height restric- 
tions of your card cage. In such cases, 
consider paralleling on-board convert- 
ers. You can also parallel on-board con- 
verters for N+1 redundancy. 

Whether you are paralleling ac/dc¢ con- 
verters or dce/de converters, paralleling 
adds complexity to the system and typi- 
cally entails accepting some perfor- 
mance or cost compromises. When paral- 
leling converters, mount all the 
converters in a common thermal envi- 
ronment so that they experience as close 
to the same temperature as possible. 

Paralleling supplies with blocking 
(“ORing”’) diodes is more reliable than 
simply paralleling the supplies’ out- 
puts. Run such diodes hot, and use very 
low forward-drop devices. After all, 
reverse-leakage current is an issue only 
on failure. 

Distributed power makes hot swap- 
ping easier. Because hot swapping a 
module of a distributed-power system 
affects only a small portion of the total 
power, “glitch-free” swaps are easy to 
ensure. Hot swapping can be a big 
advantage for large systems that must 
remain continuously on-line. Blocking 
diodes also simplify hot swapping. 

If you step back and take a sys- 
temwide view, you will see that a dis- 
tributed-power architecture duplicates 
many power-supply circuit elements. In 
a distributed-power system, each con- 
verter has its own control and fault- 
handling circuitry. In a bulk-supply 
system, the bulk-supply has only one of 
each of these elements. 

Given that increasing the number of 
components decreases reliability, dis- 
tributed-power makers have had to 
increase the reliability of their dce/de 
converters. For example, Vicor has 
demonstrated MTBF of greater than 20 
million hours. However, not all convert- 
er makers have taken the time to char- 
acterize their products over such long 
periods. Consequently, you often have 
no choice other than to rely on calculat- 
ed MTBF. 

Although telecomm standards exist 
for calculating MTBF’, most power-sup- 


ply vendors use MIL-HDBK-217 
instead. Even though this practice is 
widespread, MIL-HDBK-217 has its 
problems; it depends on a database of 
component types and their field-failure 
rates. This database focuses on military 
components and takes time to accumu- 
late. AS a consequence, most newer 
commercial technologies are not avail- 
able in the database. 

MIL-HDBK-217 imposes a harsh— 
and possibly unjustified—penalty on 
nonmilitary components. Further, some 
of its component-failure rates are not 
consistent with those components’ actu- 
al performances. For example, trans- 
formers and magnetic devices have a 
very low actual failure rate, but MIL- 
HDBK-217’s predicted rate for these 
components is very high. ICs fare even 
worse than do magnetic components. 

At least two converter companies 
have compared MIL-HDBK-217’s pre- 
dictions to the actual field performance 
of their de/de converters. Ericsson finds 
that its converters run 8 to 10 times 
longer than MIL-HDBK-217 predicts, 
while Vicor sees two to three times 
longer performance. 

To select your intermediate-bus volt- 
age, first consider the ease of safety 


approval vs cost. A lower voltage entails 
more expense to handle the higher cur- 
rents, but the lower voltage may be 
more acceptable to regulatory agencies. 
Every country has some kind of safe- 
ty standard or requirement that limits 
the maximum voltage to which you can 
expose equipment operators and ser- 
vice personnel. The common term for 
this limit is “safety extra-low voltage” 
(SELV), but not all agencies set SELV 
at the same level. The most commonly 
accepted value for SELV is slightly 
more than 60V. Consequently, if your 
intermediate bus voltage is less than 
60V, your product more easily complies 
with safety shielding and regulations. 
However, your nominal intermediate- 
bus voltage has high and low limits for 
conditions such as battery charging and 
load switching. For the 48V-de 
telecomm standard, for example, the 
maximum voltage is 60V—very close to 
the most generally accepted SELV limit. 
Therefore, a nominal 48V is currently 
the highest SELV for a distributed- 
power system’s intermediate voltage. 
But you could follow the example of 
mainframe-computer makers, rectify- 
ing and filtering the ac line to yield 
300V-de intermediate voltage. This 
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scheme reduces the cost of both the 
ac/de converter and the intermediate- 
voltage distribution. Your genuine safe- 
ty concerns for a high-voltage bus are 
creepage and clearance, preventing 
access to shock hazards, and large 
amounts of stored energy available to 
short circuits. 

If the load on the intermediate-volt- 
age bus switches rapidly, such as when 
a fuse opens, the bus’s inductance can 
generate a voltage pulse having as 
much as 70 Wsec of energy. 

For a 300V intermediate bus, over- 
load and short-circuit protection 
require large devices to handle inrush 
and arcing. However, there is a dearth 
of standard connectors and fewer stan- 
dard converters for 300V. And backing 
up a 300V bus with a battery obviously 
requires more cells than does backing 
up a 48V bus. 

You need to carefully consider over- 
current protection for the intermediate 
bus. Two common problems are that 
start-up requires large currents to 
charge the bus’s capacitance. This large 
charging current means that the over- 
current-protection circuits can trip at 
start-up. The result is that the system 
never actually gets started. In this case, 
you must sequentially enable load con- 
verters only after bus voltage is stable. 

You must also carefully choose your 
board-level converters’ overcurrent 
protection. For example, in a battery- 
backed system, the constant-power 


nature of the load could trap a brick- 
wall-limiting converter at a point 
beyond the knee of its overcurrent 
characteristic. 

Opinions differ about the relative 
prevalence of low- and high-voltage 
intermediate-bus distributed-power 
systems. According to Ericsson, most 
distributed-power systems have bus 
voltages below the SELV limit. Vicor, 
on the other hand, sees a 50:50 distrib- 
ution between 48 and 300V systems. 

You can opt for isolated and noniso- 
lated dc/de converters. Isolated con- 
verters are more expensive but are also 
safer, and they reduce problems with 
system noise, ground loops, and inter- 
action between outputs. In addition to 
operating from either polarity of input 
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Fig 2—Since the mid-1980s, power-supply makers have made remarkable progress in 
shrinking pc-board-mounted de/dc converters. 


voltage, isolated converters permit 
flexible system grounding. 

In a centralized-power system or a 
distributed-power system using non- 
isolated converters, the common of the 
power-distribution system is also signal 
common. The common of the power-dis- 
tribution bus is isolated from signal 
commons in distributed-power systems 
using isolated de/de converters. 

No engineer runs dc/de converters 
continuously at their rated full load. 
Ericsson reports that most designers 
allow margins of 15 to 40%. The penal- 
ty for under-margining is obviously 
more extreme than that for over-mar- 
gining. The power-supply margins are 
easier to determine in a distributed- 
power system. 


Constant vs variable frequency 

_ Each converter manufacturer has its 
own circuit topology. Some employ con- 
stant-frequency converters that use 
PWM for voltage control. Vicor uses a 
variable-frequency resonant scheme. 
According to Vicor, the efficiency of 
PWM converters is usually lower than 
that of similar-capacity resonant con- 
verters. Vicor also notes that a PWM 
converter’s efficiency drops rapidly 
with load, culminating with high dissi- 
pation under output short circuit. The 
company also states that PWM con- 
verters emit difficult-to-filter conduct- 
ed and radiated common-mode (Denka- 
plate), normal-mode, and radiated 
noise and that their output ripple 
increases with load. 

PWM-converter makers, however, 
have been busy enhancing their 
designs. So your best guides are spec 
sheets and your own tests. However, 
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make sure your quality-assurance staff 
is not using outmoded tests designed 
for linear supplies (see Ref 2 for proper 
setups). Test your candidate converters 
in a realistic circuit. 

A converter’s operating frequency is 
important, however, because it deter- 
mines the time required to sense and 
respond to a change in load current. 
The converter’s topology and circuit 
design set a limit for the amount of 
energy delivered to the load per con- 
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verter operating cycle. A converter 
may take several operating cycles to 
meet a demand for dynamic current. 
You can synchronize many convert- 
ers, but AT&T questions this practice. 
The fear is that two units operating at 
nearly the same frequency will “beat” 
and produce extraneous emissions. But 
synchronizing makes emissions worse 
because it causes all the converters’ 
emissions to add arithmetically. With- 
out synchronization, the reflected cur- 


rents add in rms fashion. 

You must look very closely at effi- 
ciency. Small size combined with low 
efficiency spells disaster. The higher 
the efficiency, the higher the MTBF for 
both the converter and the system. 
Also, high efficiency extends backup- 
battery holdup time. Efficient convert- 
ers permit the use of smaller heat sinks 
and quieter fans. 

Converter efficiency is a family of 
curves, not a single figure. So, look at 
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The Scope of Choice. 
No Matter Which One You Choose. 


It should come as no surprise that Tektronix sells more high performance oscilloscopes than all other 

_ companies combined. Because, across the board, the Tektronix TDS family delivers superior perfor- 

| os i usability at every price point. And superior price at every performance point. m From the 
new $2,300 TDS 310 to our 5 GS/s 1 GHz TDS 684A, every TDS scope has the same highly intuitive 
graphical user interface. Learn one TDS scope and you’ve learned to use them all. So it’s easy to move 
from scope to scope. And from project to project m Our exclusive NuColor™ technology gives you the 


New TDS 684A: industry’s best full-color display, for about the same price as competitive monochrome scopes. 


4 channels of 
1GHzrealtime im Using our new ultra small FET probes you can access today’s highest density devices safely 


acquisition, pow- 


erful triggering ad accurately. TDS scopes even streamline documentation by saving screens in popular 


anderen desktop publishing formats. m Of course the only way to get the full story is to contact your 


probing solutions. 


nearest Tektronix representative today. Or call 800-426-2200, 


se Tektronix i 


ext 284. Make your next scope the scope of choice. 


Tektronix 
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SEA KEMA CERT.NR. 1000103 Copyright 1994 Tektronix, Inc. All rights reserved. Tektronix, Tek and NuColor are trademarks. 
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DISTRIBUTED POWER 


efficiency across both line and load vari- 
ations. For safety’s sake, also look at dis- 
sipation under short-circuit conditions. 

Efficiency for de/de converters cur- 
rently ranges from about 75 to 83%. At 
first glance, this small range may 
appear to be meaningless, but it is actu- 
ally a very significant differ- 
ence because converting dif- 
ferences in percentages into 
percentage differences is 
not intuitive. A 75%-effi- 
cient converter dissipates 
60% more power at full load 
than does an 83%-efficient 
converter. Politicians take 
advantage of this weakness 
in human intuition when 
they call an increase in taxes 
from 5 to 6% a “1% increase” 
(when it’s really a 20% 
increase). 

Advertised power levels 
for dce/de converters are 
often very optimistic. Don’t 
neglect the fine print, which says that 
the converters need heat sinks to 
achieve their advertised performance. 
Also note at what ambient temperature 
the converter needs derating. Convert- 
ers from different manufacturers 
exhibit a wide range of ambient-tem- 
perature operation. “Ambient tempera- 
ture” means different things to differ- 
ent manufacturers. See Table 1 for 
temperature definitions. 

Ericsson finds that distributed con- 
verters have 3 to 11 times the power 
density of the pe board they occupy. 
That is, converters are a concentrated 
source of heat. Ericsson recommends, 
therefore, for free convection the con- 
verter can occupy no more than about 
2% of the pc board’s area and that for 
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Fig 3—AT&T suggests this circuit for making a pe board “hot swappable.” 
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forced convection, the converter can 
occupy no more that about 7% of the pe 
board’s area. 

Only converters at both extremes of 
the power range use conduction for 
cooling (Table 2). Mainframe-computer 
converters that supply hundreds or 


TABLE 3——AVAILABLE POWER VS GEOGRAPHICAL AREA 


even thousands of amps use a recircu- 
lating coolant. At the other extreme are 
low-power converters, 10W or less, that 
conduct heat out through their leads. 

Convection cooling is more difficult 
to model and analyze than is conduction 
cooling. Free-convection cooling is very 
simple and reliable. Also, convection 
cooling does not entail the acoustic 
noise, maintenance, cost, and degraded 
reliability that fans introduce. Howev- 
er, many systems require fans because 
forced convection can cool about four 
times the power per board compared 
with free convection. 

Opinions differ on filtering. Both 
Ericsson and Vicor say that you do not 
need to use a filter at the input of the 
de/de converter if you have properly 


100V 6A 


designed and executed your de distrib- 
ution and decoupling. Datel, on the 
other hand, says most of its customers 
want such filters. Datel adds that engi- 
neers are specifying IEC noise limits 
for de/de converters (but not, of course, 
the IEC test setup because the spec 
actually applies to ac-line 
noise). 

Selecting ac/de converters 
for distributed-power sys- 
tems is much like selecting 
any ac-input supply. You need 
to decide if you want manual- 
ly strapped or autoranging 
inputs for single- or 3-phase 
mains voltages. Even with 
power-factor correction, 
many systems are already 
drawing the maximum 
amount of current allowable 
from a single-phase connec- 
tion (Table 3). Power-factor- 
correcting ac/de converters 
are also becoming more com- 
mon as regulatory agencies tighten up 
on conducted noise. One more hint: 
Look for ac/de supplies that require no 
preload. 


Problems with distributed power 

One major problem with distributed 
power is that the most frequently pro- 
moted spec for dce/de converters, power 
density, is also the most useless. Fan- 
tastic power densities tend to wilt after 
you expose them to the harsh glare of 
your application’s environment. You 
can compare power densities of differ- 
ent makers’ de/de converters only after 
taking into account heat sinks, derat- 
ing, and other design considerations. 
Fully configured, some high-density 
dc/de converters are large and heavy 
enough to damage their host pe board 
during shipping and usage. 

Next, the switch to a 3.3V digital 
standard is not as easy as just swapping 
out converter modules. If you are to 
take the JEDEC standard seriously, its 
+0.1V tolerance means that a wP draw- 
ing 4A could have no more than 0.0250, 
trace resistance between itself and its 
dc/de converter. In other words, a fine 
trace or a connector can put you out of 
spec. Also, noise currents in the system 
ground can quickly eat up 3.3V noise 
margins. If you have a mixed-voltage 
board, carefully check your margins for 
the worst-case supply condition: 3.3V 
supplies at their high end (3.4 or 3.6V) 


Get a sample of reality. 


Looking for analog confidence in a digital High-end digital features. Each model 
oscilloscope? Tektronix TDS 350 sets the features over 20 automatic measurements. 
standard with Digital Real Time. m@ Its Continuous update for hands-free opera- 
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second sampling delivers real- 
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350 sets a new Standard in price/perfor- And a communication option for hardcopy 
mance: under $4000. There’s a TDS 300 Series scope for every to most printers, or to 


application. And every budget. 


Analog look and feel. send/receive wave- 
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and 5V supplies at their low end (4.75 or 
4.5V). You might be in for a nasty sur- 
prise if you are interfacing 3.3 and 5V 
ICs. 

Although JEDEC has promulgated a 
3.0 V standard, little actual conformance 
exists in the industry. Various manu- 
facturers are going ahead with low-volt- 
age standards other than 3.3V. Semtech 
notes that on mixed-voltage boards, you 


TRACE WIDTH 


1-0Z COPPER 
(mm) 


might have to be very careful how you 
Sequence your supplies up and down to 
avoid failures. The company also notes 
that transient-voltage-protection 
devices for 3.3V circuits are rare. 

At the new, lower voltages, large cur- 
rent surges can occur on the pc board 
itself. So-called “green” PCs (which 
switch large digital devices on or off as 
needed) and low-voltage disk drives are 


co Oo 6 © 


MAXIMUM BUS LENGTH (cm) 


Fig 4—High-current, ma Learns ICs may so tax the current-carrying capacity of pc- 
board traces that even distributed-power systems may have to resort to remote sensing. 


two possible sources of such surges. 
These surges may necessitate remote 
sensing for board-mounted converters, 
reintroducing a problem that distrib- 
uted power supposedly eliminates (Fig 
4). Further, the digital ICs themselves 
may be drawing pulsed currents at a 
high enough frequency that the skin 
effect may come into play in their power 


and ground lines. EDN 
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hen just 
plug and play. Sector-erasable NAND 
_ E2PROM Flash offers true 
non-volatility with the 
throughput you need. (And 
you thought that rotational 
memory was your only choice?) 
Call today for more information, 
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High Density Power Components... 
The Logical Solution For Digital Systems 
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5V—3.3V: Linear or Switcher? 
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Composite amp provides high gain and bandwidth 


Mark Saverwald, Comlinear Corp, Ft Collins, CO 


The composite circuit in Fig 1 couples the output drive and 
slew rate of a current-feedback amplifier, IC,, with the low- 
noise and low-offset characteristics of a voltage-feedback 
operational amplifier, IC,. The circuit achieves gains as high 
as 1000, while showing little variation in frequency charac- 
teristics with gain. This circuit suits applications requiring 
high gain and wide dynamic range, such as ultrasound, radar, 
digital radio, and other high-noise applications. 

IC, has a gain-bandwidth product of approximately 1.6 
GHz. Configured as an amplifier with a gain of 1000, it would 
exhibit less than 2 MHz of bandwidth. Further, the limit of 
the output swing of IC, is less than +3.8V typ. IC, has over 
50 MHz of bandwidth and +18V output swings along with the 
gain-bandwidth independence for which current feedback is 
famous. Unfortunately, current-feedback amplifiers are not 
suitable for very high gains. To achieve high gain, a current- 
feedback amplifier’s gain-setting resistor must become very 
small (for gain-bandwidth independence, the feedback resis- 
tor must remain relatively constant), and the signal gets lost 
in the current-feedback amplifier’s noise. 

In Fig 1, IC, has a gain of 1000 and is inside IC,’s feedback 
loop. IC, is a gain block with A=10. Thus, IC, is actually pro- 
viding a gain of only 100, allowing it to maintain in excess of 
10 MHz of bandwidth and requiring it to develop relatively 
small output swings. 

Because IC, has a gain of only 10, it has reasonable gain- 
resistor values, and their noise contribution is not significant. 
For this circuit to remain stable, IC, must have sufficient 
phase margin to allow for IC,’s phase lag. Adding the resis- 
tor from IC,’s R, pin to V,,, reduces the current IC, draws, 
compensating the amplifier. A 2500, resistor stabilizes the 


Fig 1—Combining current-feedback and voltage-feedback ampli- 
es a a composite amplifier having high gain and wide band- 
wiat 


circuit, allows for a 10-MHz large-signal bandwidth, and still 
offers good gain flatness. 

-If you need similar frequency characteristics at another 
gain, change the gain of IC,. The current-feedback amplifi- 
er’s frequency characteristics are independent of gain. For 
example, to reduce the circuit’s gain to 500, reduce R,, to 25 
kQ, and increase R, to 1600, so that IC,’s gain is still 100. 
Increasing gain simply by increasing R, proportionally 
decreases the circuit’s bandwidth. (DI #1399) 
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Passive differentiator tops active designs 


Stan Bleszynski, Applied Micro Electronics Ltd, Dublin, Ireland 


The simple, passive differentiator in Fig 1 achieves accurate 
differentiation even at frequencies approaching the limit, 
{,=1/(2aRC). The circuit surpasses the performance of an op- 
amp-based differentiator. The trick is to add a carefully 
selected inductor, L, to eliminate the first- and second-order 
terms in the equation for the phase angle, , between the 


OUTPUT 


Fig 1—With properly selected 
components, this simple pas- 
sive differentiator can beat the 
erformance of an op-amp dif- 

erentiator. 


input and output signals. Ideally, of course, to achieve per- 
fect differentiation, this phase angle should be equal to 90° 
(ie, cot(d)=0), regardless of the frequency, f. 


2 2 4 2 6 4 
» {ft f, f f, fo f\(t 
ct oor =(Z) (1-2) CE}0-8) 2(8) ENE] 
where f,=1/(27RC) and f,=R/(27L). 

You Bice the first yo error terms to Sahiedi by first cal- 
culating R and C to satisfy requirements for the circuit’s 
input impedance, such that f, is at least two to three times 
the maximum signal frequency the circuit will encounter. 
Then, set f,=f,; that is, L=R°C. The phase error thus reduces 
to cot()=(f/f,)?, which remains quite small even for frequen- 
cies comparable to f,. (DI #1400) EDN 
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34-digit DVM IC measures power factor 


Devadoss John and KRS Sarma, Hindustan Cables Ltd, Hyderabad, India 


The circuitry in Fig 1 allows the ICL7106/7107 digital-volt- 
meter IC, IC,, to measure power factor to 0.1% resolution and 
operate from a single 9Vdc supply. An important feature of 
the circuit is that variations in load current, line voltage, and 
line frequency do not affect measurements. For inductive 
loads, power-factor measurements are accurate to 1% in the 
range of 0.85 to 1. 

The circuit derives two de voltages, V,, and V,,cos®, that 
go to the REF HI and IN HI inputs of IC,, yielding the power 
factor (V,,cosO/V,,). A unity-gain follower, a precision recti- 
fier (IC,, and IC,,), and an RC filter obtain V,, by rectifying 


AC MAINS 


10k 
IN4148 eS 


TO LOAD 


the waveform from the secondary winding of the voltage 
transformer, T.. : 

A synchronous detector (IC, and IC,) derives V,,cosO. The 
current transformer, T,, provides the waveform, 
v(t)=kIsin(2mftt0). Buffer IC,, squares this waveform, 
deriving control waveforms for the synchronous detector. 
The synchronous detector operates on the output of the 
input-voltage follower, IC,,, yielding a de output equal to 
V,cosO. (DI #1403) EDN 
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Fig 1—A clever synchronous detector in this circuit extracts phase-angle information so that a digital-voltmeter IC can directly measure 


power factor. 


2-channel ADC tags its own output 


Fred Hamilton, National Semiconductor, Santa Clara, CA 


m Transferring converted data from high-speed DACs 
directly to system RAM to avoid uP bottlenecks is 
am common. But, if the ADC serves more than one 
input, the wP obviously won’t be able to select channels dur- 
ing the DMA period. 
The circuit in Fig 1 shows a simple way to operate a 1- 
MHz, 12-bit ADC (IC,) in DMA mode while alternating 
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between its two analog-input channels. The converter oper- 
ates continuously, driven by the 1-MHz clock on the S/H 
input. 

Tying RD and CS low ensures that data are always present 
on the ADC’s output bus. The outputs of the 74HC74 flip-flop, 
IC,, change state on the rising edge of the end-of-conversion 
(KOC) signal. The flip-flop’s Q drives the ADC multiplexer’s 


SPDT switches with built-in driver 
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(1500 units max, 24mm). All models are available for 
immediate delivery with a one-year guarantee. finding new ways 
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Sw. Spd. (nsec) 3 3 3 3 3 € 
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address line (pin 16), and the flip-flop’s Q output provides an 
output bit indicating the current channel. The memory 
stores this bit along with the 12-bit conversion value. 

Because the address changes on the rising edge of the HOC 
signal, the change occurs well within the ADC multiplexer’s 
setup-and-hold limits. The two 74HC541s isolate the ADC 
from the system’s data bus. 
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Posted as EDN BBS /DI_SIG #1412 on the EDN readers’ 
bulletin-board system is a compressed ZIPfile containing a 
detailed design writeup and a PLD program for burning the 
circuit into a PALI6HD8. (DI #1412) EDN 
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Fig 1—The 74HC74 flip-flop controls a 2-channel ADC’s input multiplexer and provides an extra memory bit that identifies which channel 


a sample came from. 


Asynchronous circuit latches safely 


Paul A Kemp, NASA Johnson Space Center, Houston, TX 


B The circuit in Fig 1 is a digital latch that is reset- 

table only after the condition that set the latch 
clears. A set input (active low) permanently latches 
the output (active low). A reset input (active high) resets the 
output to a logic high. 

Unlike the 74279 set-reset latch, you can drive the set and 
reset lines low simultaneously. A 74279’s output is unpre- 
dictable and unstable when you drive both its set and reset 
lines low simultaneously. In contrast, this circuit’s output 
remains in its present state. 

The circuit operates asynchronously and can handle both 
the set and reset inputs’ changing state simultaneously. 
Applications include any circuit requiring a latch that will 
not reset until reaching a “safe” condition. A safe condition 
occurs when the set line has gone low and the reset line goes 
high. EDN BBS /DI_SIG #1413 contains an extensive write- 
up of this Design Idea’s derivation. EDN 
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Q(L)=yeS+ReS 


Fig 1—This circuit is a digital latch that is resettable only after the 
condition that set the latch clears. 
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Comparator improves regulator’s efficiency 


Cristophe Basso, European Synchrotron Radiation Facility, Grenoble, France 


The UC384X family of current-mode PWM regulators 
requires a current shunt or some other component to devel- 
op a voltage proportional to the output current. This shunt 
must develop a 1V signal at full load. 

For off-line supplies, the 1V requirement is not hard to 
meet because of the high voltage on the supply’s dc bus. How- 
ever, if you want to use a UC384X regulator in a low-voltage 
circuit, the 1V drop becomes undesirable. Lowering the 
shunt’s value is not a good idea because the maximum cur- 
rent would rise to an unacceptable value in short-circuit or 
overload conditions. 

The circuit in Fig 1 shows an 11W current-mode flyback 
converter. An external low-offset comparator, IC,,, over- 
rides the output of regulator IC,’s error amplifier. The R,-R, 
network reduces the output of IC,’s error amplifier and 
determines the maximum output of the supply. Because of 
the low offset of IC,,, you can set a threshold as low as 200 
mV and then employ shunts of a few tens of millohms. 

R, and C, filter the output of the shunt R,. The output then 


T, Lp=30pH 
Ly = 19 mH 
RHB CORE 


17 TURNS 
435 TURNS 
20 TURNS 
A1100 852 


R, 
0.05, 1W 


goes to the noninverting input of the comparator. In this 
design, IC,’s internal comparator works simply as a switch to 
reset the internal latch and no longer imposes its threshold 
value of 1V. 

The circuit develops a primary peak current of about 5.2A 
(2.2A rms). To provide a contrast to the comparator version, 
we built a version having a 0.220 shunt. The shunt dissipates 
more than 1W, dropping efficiency to less than 80%. The effi- 
ciency of the comparator version, using a 0.0050 shunt, is 
more than 88%. 

In this application, the low operating frequency of the sup- 
ply (83 kHz) permits using a slow comparator. In higher-fre- 
quency applications, replace IC, with a faster device. You can 
also use this comparator technique with a sense FET 
because the converted voltage delivered by its current mir- 
ror does not correspond directly to the internal threshold of 
the UC384X. (DI #1417) EDN 
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Fig 1—In this 11W current-mode flyback converter, an external low-offset comparator, IC,,, overrides the output of regulator IC,’s error 
amplifier. This technique allows you to use a significantly lower-value current-sense resistor, boosting efficiency from 80 to 88%. 
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2-CELL T0 SV STEP-UP 
MAXIMIZES BATTERY LIFE 


DC-DC Converters Deliver 10mA to 300mA (30:1 Ioyr Range) with 86% Efficiency 


The MAX756 and MAX757 step-up dc-dc converters extend battery life with the world's best combination of 
high efficiency and low quiescent current. Efficiency exceeds 85% when delivering 5V from a 2.5V input. 
And that's for loads from 10mA to 300mA — a 30:1 ratio. For the same conditions, quiescent 
Current is just 150UA when operating and only 20UA when in logic-controlled shutdown. The internal power 
MOSFET switches at up to 0.5MHz, allowing use of a small 22UH inductor. In addition, they are guaranteed 
to start-up with inputs as low as 1.8V (2 battery cells), and operate with inputs from 1.1V to Voy. 


§5% — 88% Efficient 


3.3V & 5V STEP-UP CONVERTERS 


150A Quiescent Current PROVIDE LONGER BATTERY LIFE 
(20A in Shutdown) OUTPUT 
5V AT 200mA 
¢ 3.3V or 5V Output (MAX756) <r eae 
2.7V to 5.5V Adjustable Output 5 a 
(MAX757) 
¢ 1.8V Guaranteed Start-Up eos, LOW-BATTERY 
Operates Down to 1.1V DETECTOR INPUT ene 


¢ Low-Battery Detector (LBI/LBO) 


EFFICIENCY vs. LOAD CURRENT _ _ 
Vin = 2.5V, Vout =5V Evaluation Kit 


Vin=20V, Vour=33V | Speeds Designs, Shows Small Size Order a pre- 
built surface-mount evaluation kit (MAX756EVKIT-SO) 
and try it in. these applications: 3.3V to 5V 
Converters, Palmtoo Computers, PCMCIA cards, 
Personal Digital Assistants, and 2-Cell and 3-Cell 


100 Battery-Powered Systems. 
LOAD CURRENT (mA) 


lee) 
Oo om 


EFFICIENCY (%) 


2 p lee. aa: BE.) 
on 


wammusccee» | FREE Power Supply Design Guide—Sent Within 24 Hours! 


Applications 
2-Cell (1.8V) to 5V Step-Ups 


a Includes: Data Sheets and Cards for Free Samples 


CALL TOLL FREE 1-800-998-8800 
For a Design Guide or Free Sample 


MasterCard® and Visa® are accepted for Evaluation Kits or small quantity orders. 
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Design Entry Blank 


$100 Cash Award for all published entries selected by editors. An 
additional $100 Cash Award for the winning design of each issue, 
determined by vote of readers. Additional $1500 Cash Award 
for annual Grand Prize Design, selected among biweekly winners 
by vote of editors. 


To: Design Ideas Editor, EDN Magazine 
Cahners Publishing Co 
275 Washington St, Newton, MA 02158 


| hereby submit my Design Ideas entry. 
Name 

Tile = in 
Company 


if 
U 
E 


Division (if any) 
Street 

City 

Country 

Design Title 
Home Address 


Social Security Number 
(US authors only) 


Entry blank must accompany all entries. 

Design entered must be submitted exclusively to EDN, 
must not be patented, and must have no patent pend- 
ing. Design must be original with author(s), must not 
have been previously published (limited-distribution 
house organs excepted), and must have been construct- 
ed and tested. Fully annotate all circuit diagrams. Please 
submit software listings and all other computer-readable 
documentation on a 5%-in. IBM PC disk in plain ASCII. 


In Crystals and Oscillators. Exclusive publishing rights remain with Cahners Pub- 
lishing Co unless entry is returned to author, or editor 
Value means helping you stay gives written permission for publication elsewhere. 
on budget. You can be confident you'll In submitting my entry, | agree to abide by the rules of 
satisfy all specs, including cost. the Design Ideas Program. 
With Ecliptek crystals and oscillators. | Signed 
Plus uncompromising quality | Date 


standards for performance and a wide 
selection for flexibility. All 
backed by quick delivery. 


We put crystals and oscillators in a ‘ 
whole new light. See EEM 1993/94 for | How to use our bulletin board 


technical details. Or call 714-433-1200. frrmy This icon identifies those Design Ideas that 


See have computer-readable material posted on 

SSS ® _EDN’s bulletin-board system (BBS). Call our 
= | | PT ns K free BBS at (617) 558-4241 (300/1200/2400 8,N,1). Not 

every Design Idea has downloadable material, but 

CORPORATION each one does have a BBS number printed at the end of 


‘ bg it. If you’d like to comment on any Design Idea, include 
The Crystal and Oscillator Specialists the number in the subject field of your message. 
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THE FIRST 12-BiT “p-DAC” 
SAVES SPACE & POWER 


What is a p-DAC? 


¢ w-Power  w-Volt Accurate 
Single +5V Operation + Y2LSB (max) INL 
160A Supply Current Guaranteed Monotonic 


# [-Size ¢ Rail-to-Rail Voltage Output 


Complete 1-Chip Solution : are 
8-Pin SO & SSOP ¢ 4-Quadrant Multiplying 


Here’s What It Looks Like! 


MAX531 


THE PAST... 
+5V SERIAL 


= 


MAX530 


PARALLEL 


Choose Your p-DAC Interface 


FEATURE MAX530 MAX531 MAX538 | MAX539 
INTERFACE PARALLEL SERIAL SERIAL SERIAL 
- REFERENCE ~ INT OR EXT INT OR EXT EXT EXT 
~VouTRANGE | — 0-5VOR45V 0-5V OR +5V | 0-2.5V 0-5V 


PACKAGE  ~—_—|_—s- 24 SSOP/SO/DIP 14.SO/DIP 8 SO/DIP oe 


DA CONVERTERS 28192 3) g FREE D/A Converter Design Guide—Sent Within 24 Hours! 
Smallest Quad DAC ps 
es includes: Data Sheets and Cards for Free Samples 


CALL TOLL FREE 1-800-722-8266 


For a Design Guide or Free Sample 
MasterCard® and Visa® are accepted for Evaluation Kits or small quantity orders. 
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Simple as 1, 2,3! 
Configure Your Own Hot-Swap, Fault Tolerant 
Power Supplies & Systems 


Circuit Breaker 
Integral to Each 
Supply (With 
Automatic Trip-OFF) 


AC or DC Input 


19" Rack Mount 
Enclosure Holds 


up to 6 Plug-In _____——_ Isolation Diodes 
Supplies Integral to Each Supply 
(1/2 Rack 375-2000 Watts Field 
Enclosure Replaceable Hot-Swap 
Available) Power Supplies (1-5 
Outputs per Supply) 
Th 
Ua real | <a Status Indicators and 
Test Points 


MPS-4 shown 
(up to 550 Watts Per Supply) 


List Your Requirements 
List Your Required DC Outputs Amps Per Supply Amps Needed for Total System Load 
Output #1: 


Output #2: 
Output #3: 
Output #4: 


Output #5: 


NOTE: Outputs include isolation diodes and automatic current sharing. 


o. Select Your Plug-In Power Supply go  ow~ ¥** - 


PS-4 Series ee | Total Output Power 
7"H x 2.8"W x 19"D Per Supply* AC AC w/ PFC 


115/230VAC 90—264VAC 


375 Watts NA 


550 Watts 


1000 Watts 
PS-31 Series 
10.5"H x 5.6"W x 20"D 


1500 Watts 


2000 Watts 


*Prior to isolation diodes AL Ge @ aie 
3 Call (619) 575-1100 .. . or Fax (619) 575-7185. 
& 


We make configuring your own Power System as easy as filling in the blanks. Just tell us which DC Outputs 
and which Input (AC or DC) you need and we'll do the rest. What could be simpler? 


LAMBDA). cal ou 
Qualidyne ine. 


3055 Del Sol Blvd. - San Diego, CA 92154 «+ Tel: (619) 575-1100 + Fax: (619) 575-7185 
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EDN-DESIGN FEATURE 


Mainstream applications 


require optimized assembly 


language for fast DSPs 


John P Sweeney, AT&T Microelectronics 


DSPs are fast, but you have to optimize your 
code to take advantage of their speed. 


As DSP technology moves away from niches and into main- 
stream applications for consumer products, designers need 
to optimize DSP-code efficiency to minimize the power con- 
sumption and cost of the end product. Efficient code means 
you must take advantage of every nuance of your chosen DSP 
architecture. The examples in this article demonstrate how 
to use architectural features of the AT&T DSP1600 family to 
augment the computation-intensive inner loops of table 
search, filter, and convolutional encoder algorithms. 

Optimization of DSP code is key to developing competitive 
products. Consider emerging digital cellular phones. Most 
prototypes demonstrated thus far require multiple fixed- 
point DSPs to perform the digital-cellular algorithms. Effi- 
cient coding can eliminate the need for one or more DSPs and 
result in a lower-cost product that requires less power, both 
crucial to product success in a cellular-phone market. 

Three functions that are useful in a variety of communica- 
tions-oriented DSP applications such as digital cellular 
phones include: vector-sum excited linear-prediction 
(VSELP) codebook search, VSELP 10-pole filter, and for- 
ward-error-correction (FEC) convolutional encoder. 

You can use VSELP and FEC functions to encode digitized 
speech. The basic search, filter, and convolutional encoder 
algorithms are also inherent in many other applications. 


BIT STREAM IN 


BIT STREAM OUT 


Fig 1—The convolutional encoder creates an output that is based on 
a combination of delayed input bits. In this case, it represents the 
expression g(D)=1+D*. 


A computation-intensive function required in many DSP 
table and codebook search algorithms is: 


max {A(i)/BQ)}, 


where i=1, 2... N. The exact meaning of parameters A and 
B aren’t important here. Understand, however, that the func- 
tion requires a search that takes the elements A(i) and B(i) 
from calculated vectors of size N, and looks for the value of i 
that maximizes the expression. 

In C-like pseudo code you could express the algorithm as: 


A[best] = 0 
B[best] = 1 
cnt = 0 
fori=1...N { 


if (A[i]/B[i] > A[best]/B[best]) { 
A[best] = Afi] 
B[best] = B[i] 
cnt =i 


} 


It is inefficient to divide when using a DSP. You might 
want to rewrite the inner loop using an equivalent multipli- 
cation operation. You can accomplish this by rearranging the 
equation to eliminate divisions in favor of multiplications. 


if (A[i]*B[best] > A[best]*B[1]) { 
A[best] = Afi] 
B[best] = B[i] 
cnt =i 


} 


The computation-intensive parts of the algorithm are the 
multiplications and the comparison/selection function. Cod- 
ing this algorithm efficiently in assembly code requires you 
to optimize your DSP code, taking advantage of architectur- 
al features that can accelerate the signal-coding function. For 
example, the following assembly-language algorithm for the 
AT&T DSP1610 or DSP1616 benefits from the conditional 
‘ife” instructions, which lend themselves to signal-coding 
applications. 

This algorithm assumes RAM precalculates and stores A 
and B data elements as interleaved entries. The DSP1600 
assembly code has a time-stationary C-like syntax. All 
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OPTIMIZING DSP CODE 


instructions on one line execute in parallel in a single cycle, 
and the results are available for use by instructions on the 
next line (see box, “Reading DSP assembly code”). 


/* Maximize A/B in VSELP codebook search */ 
/* Input buffer is A[0], B[0], ... A[63], B[63] */ 


r0 = InputBuffer 
pt = InputBuffer 
cl=-1 


/* r0 points to input*/ 
/* pt points to input*/ 


c2=-1 /*set up counters for best pointer*/ 
al=al‘al /*clear al with XOR*/ 

/* alH = initial best A[best] = 0*/ 
al=al+l /*alL = initial best B[best] = 1*/ 
/* if A[i]*B[best] > B[i]* A[best] then *s 
i* A[best] = A[i] */ 
he B[best] = B[i] af 
fr c2 =i */ 
do 64 { 
a0=al<<16 /*a0H = B[best] */ 

y=a0 x=*ptt+ /*y=B[best] - x=A[i]*/ 
p=x*y y=al x=*ptt+ /* A[i]*B[best]*/ 

/* y=A[best] - x=B[i]*/ 
a0=p p=x*y y=*r0++ /*B[i]* A[best] - y=A[i]*/ 
a0=a0-p yL=*r0++ /*A[i]*B[best]-A[best]B[i]*/ 

/*yL=B[i]*/ 
ifc pl al=y /*if AO flag plus load Al*/ 


} 


/* ¢2 points to best A and B */ 
/* No data dependency in this code*/ 


This algorithm benefits from the fact that the DSP1600 
family allows both data (Y) and program/coefficient (X) 
addressing units to access RAM. Traditional DSPs limit pro- 
gram/coefficient access to ROM. The algorithm also takes 
advantage of the fact that the 36-bit accumulators and the 32- 
bit y register can store two 16-bit values or a single 32-bit 
value. For example, al initially stores the settings for A[best] 
in bits 16 to 31 (referred to as alH for high) and B[best] in 
bits 0 to 15 (referred to as alL for low). 

Optimizing DSP code requires that you save every cycle by 
carefully considering each instruction step—even simple 
ones. For example, The XOR (exclusive or—al al) instruc- 
tions near the top of this code example set accumulator al to 
0 without doing an immediate load. DSP1600 family proces- 
sors can execute the XOR instruction in a single instruction 
cycle; an immediate load would require two instruction 
cycles. 


The key to this algorithm’s efficiency is cross multiplica- 
tion, which eliminates processing overhead caused by divi- 
sion and the special conditional execution capabilities of the 
DSP. The DSP’s pipelined DAU (data arithmetic unit) per- 
forms the calculations efficiently, just as most general-pur- 
pose DSPs would. After the comparison, the assembly code 
executes the equivalent of the pseudo code “if clause” in a sin- 
gle instruction cycle. The quick execution works because the 
DSP1610/16 instruction, 


ife CON al=y, 
performs the following operations in a single instruction cycle: 
cl=cl +1 
if CON { 
c2=cl al=y 
} 
else = { 
nop 
} 


CON can be one of any number of tests on the DAU’s logical 
flags. In the code above the instruction “ifc” pl, al=y (if plus) 
tests the prior accumulator instruction a0=a0-p for a positive 
result. A positive result indicates that a new best value has 
been located. The nop in the pseudo code simply implies that 
the path length through the code is consistent, regardless of 
whether the condition passes or fails. Consistent path lengths 
allow for accurate prediction of worst-case power require- 
ments—a key to commercial DSP implementation. 

Another requirement for fast VSELP operation and for 
most DSP applications is the ability to perform adaptive syn- 
thesis filter algorithms efficiently. The following example 
demonstrates a 10th-order IIR filter implementation. The 
adaptation is carried out in the lattice-filter domain, but the 
implementation is applied in direct form. Because of the wide 
dynamic range of speech and the fixed-point nature of the 
DSP1600 family some scaling is required during the applica- 
tion of the filter. 

This algorithm assumes that buffer r0 points to the feed- 
back-state variable buffer, r1 points to the input-data buffer, 
r2 points to the output-data buffer, and pointer pt points to 
the filter coefficients. The basic function of the algorithm is 


READING DSP ASSEMBLY CODE 


For the uninitiated, the DSP code in this article can appear rather 
cryptic, but the code is actually easy to read once you realize that 
the structure is analogous to the structure of a DSP. The AT&T 
DSP1600 family of processors and most other DSPs have four key 
pipelined elements: an X memory addressing unit typically used to 
access ROM, a Y memory addressing unit typically used to access 
RAM, a multiplier, and an ALU. The hallmark of DSPs is their ability 
to fetch two operands and perform a multiply and an accumulate in 
a single instruction cycle. 

The structure of the DSP assembly code exactly matches the DSP 
architecture. A single line of code can include four operations. The 
code is called “time stationary” because all four instructions on a line 
execute simultaneously. The left-most instruction column includes only 
instructions relative to the ALU. The second column from the left 
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includes multiplication instructions, and the third and fourth columns _ 
from the left are used to load the Y and X operands, respectively. The 
Y addressing unit has four dedicated pointers (rO, rl, r2, and r3) 
because you typically use it to access RAM. The X unit has a: 
dedicated pointer (pt). 
The DSP1600 family processors as have ve secietied : 
ters (cO, cl, and c2)}, two accumulators (a0 and al) with c 
Secomulaiog (aaO and aal), and three auxiliary BMU & -manip' 
lation unit) registers (arO, arl, and ar2). oo 
While all instructions on a singe line execute in pacalbel ina abel 
instruction cycle, the data flow is in different stages of the proces 
pipeline. Operands loaded into the X and Y registers in one line woul 
multiply in a subsequent line, and the result would accumulate i 
third line. The programmer controls the data flow through the pip 
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to perform the dot product of the feedback states and the fil- 
ter coefficients by multiplying each state/coefficient pair and 
summing the results. 


/* VSELP 10 pole synthesis filter */ 


/*input data stream pointer*/ 
/*output data stream pointer*/ 
/*feedback variable buffer*/ 
/*cyclic addressing around feedback*/ 
re=StateBuffer + 9 /*variables buffer of 10 words*/ 
pt=Coefficients /*10 denominator coefficients*/ 
i=-9 /*Coefficient pointer reset value*/ 


rl=InputData 

r2=OutputData 
r0=StateBuffer 
rb=StateBuffer 


ar0=N /*set scaling constant*/ 

/*first pass of filter*/ 

a0=p y=*r0t++ x=*ptt+ /*start pipeline*/ 
a0=a0-p p=x*y y= "104+ x=*ptt+ /*calc states* coeffs*/ 
do 7{ 

a0=a0+p p=x*y y=*10++ x=*ptt+ 

} 

a0=a0+p p=x*y y=*r0++ x=*ptt++i /*reset pt*/ 

a0=a0+p p=x*y /*flush pipeline*/ 
a0=a0+p y=*r1t++ /*get input data*/ 
a0=a0<<ar0 /*scale denominator*/ 
al=a0t+y /*add input*/ 
al=rnd(al) /*round result*/ 


The first pass of the filter calculates an initial value for the 
feedback state and stores the value in accumulator al. By 
segmenting the code into first-pass and main-filter loops, you 
also ensure that the main part of the filter routine will fit into 
the instruction cache on the DSP1610/16, thereby speeding 
the repetitive multiply/accumulate process. 

The first pass also demonstrates another way that you can 
code even simple instructions to save DSP cycles. The first 
two accumulator instructions, a0=p and a0=a0-p, actually 
serve to set accumulator a0=0. An explicit a0=0 instruction 
would have required two dedicated instruction cycles to per- 
form the immediate load operation. Even an XOR operation 
requires one dedicated instruction cycle because the 
instruction can’t execute concurrently with pipeline load 
instructions. The initialization is essentially performed for 
free (with no instruction cycle overhead). The first two 
accumulator instructions execute in parallel with the two 
instructions necessary to load the pipeline before perform- 
ing the do loop. 

This algorithm processes 40 data words in a VSELP 
speech coder. 


/*main part of filter -- single cycle RAM*RAM multiply accumulates*/ 


do 39{ 
y=al x=*ptt+ /*y=latest output*/ 
p=x*y y=*r0++ x=*ptt+ /*start pipeline*/ 
a0=p p=x*y y=*r0++ x=*ptt+ 
a0=a0+p p=x*y y=*r0t++ x=*pt++ /*states x coeffs*/ 
a0=a0+p p=x*y y=*r0++ x=*ptt+ 
a0=a0+p p=x*y y=*r0++ x=*pti+ 
a0=a0+p p=x*y y=*r0+H+- x=*ptt+ /*a0 sums dot product*/ 
a0=a0+p p=x*y y=*r0++ x=*ptt+ 
a0=a0t+p p=x*y y=*r0++ x=*ptt+ 
a0=a0t+p p=x*y y=*r0++ x=*pttti /*reset pt*/ 
a0=a0+p p=x*y *r2++=al /*write output*/ 
a0=a0+p y=*r1++ /*read next input*/ 
a0=a0<<ar0 /*scale denominator*/ 
al=a0+y *r0=al /*store output again*/ 
al=rnd(al) /*form next output*/ 
} 
*r2++=al /*write last output*/ 
*r0-- 
*r0=al /*write last state update*/ 


Note the following features of the filter algorithm. Cyclic 
addressing is applied to the Y-space memory accesses. The 
DSP1600 allows you to define a buffer that is pointed to by 
r0, rl, r2, or r3 (four pointers that are dedicated to the Y 
memory space) and bounded by rb and re. In this case, reg- 
isters rb and re define a 10-word cyclic buffer. The DSP1600 
performs the pointer-reset operation with no instruction- 
cycle overhead. The X memory fetches operate in another 
RAM buffer, and the reset of the X pointer is reset explicit- 
ly using the post modification of the pt register by 1. 
~ The efficiency of this filter algorithm comes as a result of 
the code’s use of the instruction cache integrated on the 
DSP1610 and DSP1616 processors. You can use the DSP1600 
“do” operation to explicitly load the instruction cache. The 
cache holds the repeating section of the filter routine that 
computes the dot product. The instructions execute in two 
cycles the first time through the loop. Subsequent iterations 
of the filter don’t require an instruction fetch from memory, 
and, therefore, execute in a single instruction cycle. 

The algorithm works properly because the coefficient 
fetches from the X memory space are fetches from the 
internal RAM of the DSP. The internal RAM is dual-port- 
ed and accessible by both X and Y addressing units. There- 
fore, the adaptive coefficients can be read by the X space 
and written by the Y space. Each loop iteration performs an 
arbitrary scaling of the denominator before final output 
rounding. The two accumulators implement a delayed-feed- 
back pipeline to minimize instruction cycles and memory 
accesses. The first pass of the filter sets up the delayed feed- 
back by loading al with an initial state, and each pass 
through the main routine also passes a value for al back to 
the beginning of the loop. 

You may notice that the main part of the filter loop includes 
the following line: 


aQ=a0+p p=x*y y=*r0++ x=*pt++ 


This line is repeated exactly seven times. The code for the 
first part of the filter used a do construct to simplify these 
load/multiply/accumulate lines and to take advantage of the 
instruction cache. The main part of the filter, however, needs 
the instruction cache to be loaded with instructions that 
speed iterations of the main loop. Adding a looping construct 
with a conditional “if” statement would reduce the number of 
lines of code and would also add instruction-cycle overhead. 
Explicitly repeating the seven lines ensures single cycle exe- 
cution due to the use of the instruction cache. 

Another computation-intensive algorithm found in many 
DSP applications is convolution. Convolutional encoders, for 
example, are used to add structure and redundancy to bit 
streams that need to be transmitted via a medium that isn’t 
guaranteed error-free. The structure that convolution adds, 
FEC, allows errors to be corrected at the receiver. 

A convolutional encoder uses a generating equation that 
expresses output bits as a combination of delayed input bits. 
The amount of delay is specified by an exponential power of 
the unit-delay operator D. You can combine the bits using an 
XOR function. For example, consider the expression: 


g(D)=1 + D’®. 


The diagram in Fig 1 represents this generating expres- 
sion. The output bit depends only on previous inputs and not 
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on previous outputs. Thus, the encoder has a finite impulse 
response. The maximum delay (the current element plus the 
total number of delay elements) in the generating polynomi- 
al is called the “constraint length” of the encoder. For exam- 
ple, an encoder with a constraint length of six has a maxi- 
mum of five delay elements and 32 discrete states that it can 
assume. 

The delay elements are essentially single-bit latches. The 
group of three delays in Fig 1 can be thought of as a 3-bit shift 
register. The content of the 3 bits at any time constitutes a 
discrete encoder state out of eight possible discrete states. 
The algorithm below implements the 1+D? encoder described 
in the example above: 


a0=*r0-- /*get the last 16 bits*/ 

a0L=*r0 /*get previous 16 bits*/ 

a0=a0<<4 /*shift left 4 bits into guard bits*/ 
al=a0<<3 /*form the D’ term*/ 

a0=a0’al /*XOR to place 16 bits of 1+D’ in a0*/ 


The algorithm reads 16-bit words one at a time from the 
end of a bit-stream buffer. The loaded accumulator is left- 
shifted by 4 bits into the accumulator guard bits. By shift- 
ing the input word into guard bits, the algorithm ensures 
that the most-significant accumulator bit is not affected by 
the sign bit during later accumulator operations. The accu- 
mulator can be restored after the XOR operation. The 
delayed bits form in al by left-shifting a0 by 3 bits, repre- 
senting the input-bit stream delayed by 3 bits. The XOR 
operation generates a 16-bit word that represents 16 bits of 
the bit stream processed by the polynomial. 

Note that the algorithm reads two 16-bit words into accu- 
mulator a0 yet generates only a single 16-bit output. The sec- 
ond 16-bit input word is required to generate the proper out- 
put bits for the 3 least-significant bits of the first 16-bit word. 

Advanced signal coders for applications such as digital cel- 
lular use two or more polynomials with several delay ele- 
ments. A first polynomial adds structure to the bit stream, 
and a second polynomial adds redundancy. The two polyno- 
mials generate 2 output bits (called a di-bit) for each input 
bit. This is known as a rate 2 convolutional encoder. 

You can implement such a convolutional encoder using an 
efficient parallel algorithm that encodes 16 bits in a single 
pass. To optimize the implementation, you must store the 
input-bit stream in discrete 16-bit words and feed it effi- 
ciently into the generating equations. The key to efficient 
implementation is a DSP architecture that includes barrel- 
shift capabilities and an instruction set that supports arbi- 
trary shift distances. 

A convolutional encoder for North American digital cellu- 
lar creates the two output words using the equations speci- 
fied by the following expressions: 


g0(D) = 1+ D+ D*?+ D° 
g1(D) = 1+ D?+ D?+ D* + D’. 


An efficient way to implement this algorithm is to caleu- 
late g0(D) and then calculate g1(D) using the following 
expression: 


g1(D) = g0(D) + D + D? + D*. 
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The XOR operation used to sum bits allows the dual occur- 
rence of the D term to cancel each other thus properly remov- 
ing the D term from the g1(D) expression. 

The following algorithm implements an encoder for the 
above equations: 


/*FEC Convolutional Encoder*/ 
/*using rate 1/2 convolutional encoder*/ 


Convcode: 


c0=1-6 /*loop for 6 data words*/ 


Note that counter c0 is set to -5 but is expressed as 1-6 for 
readability; this example makes six passes through the loop 
starting at ConvLoop. Six passes are necessary to encode 
each speech segment in a North American digital cellular 
phone. 

Also note that cO is never explicitly incremented because 
the DSP1600 “if cO” statement found later in the code auto- 
matically increments the counter. 


arl=1 /*shift distance of 1*/ 
ar2=2 /*shift distance of 2*/ 
ar0=4 /*shift distance of 4*/ 


Registers ar0, arl, and ar2 are auxiliary BMU registers. 
Using these registers to store shift distances allows the actual 
shift instructions to execute in a single instruction cycle. A shift 
instruction that uses immediate operands such as 1, 2, and 4 
would require two instruction cycles. 


ConvLoop: 
a0=*r0-- /*fetch low 16 bits to encode*/ 
a0L=*r0 /*fetch higher 16 bits*/ 
a0=a0<<ar0 /*move data into guard bits*/ 
al=a0:aa0 /*store DO in aa0, junk al*/ 


The instruction al=a0:aa0 performs three operations. The 
instruction swaps the contents of accumulator a0 with the 
contents of alternate accumulator aa0. The instruction 
stores the value that was originally in aa0 in al, although that 
isn’t important here because al is reassigned in the next 
instruction, and the instruction sets the DAU logical flags 
based on the value moved into al. 


Calc_g0: 
al=a0<<arl /*al=D1*/ 
a0=a0“%al /*a0=D0+D1*/ 
al=al<<ar2 /*al=D3*/ 
a0=a0’al /*a0=D0+D1+D3*/ 
al=al<<ar2 /*al=D5*/ 
a0=a0%al /*a0=D0+D1+D3+D5=g0*/ 
a0=a0>>4 /*shift gO out of guard bits & sign*/ 
al=a0:aa0 /*save signed gO in aa0, al=D0*/ 
a0=a0<<ar0 /*g0 back into guard bits*/ 
Calc_gl: 
al=al<<arl /*al=D1*/ 
a0=a0%al /*a0=D0+D3+D5*/ 
al=al<<ar1 /*al=D2*/ 
a0=a0%al /*a0=D0+D2+D3+D5*/ 
al=al<<ar2 /*al=D4*/ 
a0=a0%al /*a0=D0+D2+D3+D4+D5=g1*/ 
a0=a0>>4 /*shift g1 out of guard bits & sign*/ 


Calculating g0 and ¢1 is straightforward, provided that the 
DSP can efficiently handle arbitrary shifts . The above algo- 
rithm generates the delayed terms by left-shifting the 32 bits 
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of data in al. Delayed terms are accumulated using XOR 
operations on aQ. At this point in the code, alternate accu- 
mulator aa0 holds g0 and accumulator a0 holds g1. 

Almost any encoding application, however, requires that 
the di-bits are interleaved for transmission. The following 
DSP1610/16 code performs the interleave operation, taking 
advantage of the instruction cache and the ability to swap the 
contents of aa0 and a0 in a single instruction cycle, eliminat- 
ing the overhead that traditional DSPs would encounter due 
to dedicated data-load instructions. 


Interleave g0g]1: 


do 32{ 

al=al<<] /*make room for next bit in al*/ 
a0=a0:aa0 /*swap gO & gl, set sign bit*/ 

if mi al=al+1 /*store sign bit in Isb of al*/ 
a0=a0<<] /*shift out tested bit*/ 

} 

*r]--=al /*store 16 interleaved bits*/ 
*r]--=al /*store next 16 interleaved bits*/ 
if cO It goto ConvLoop /*cO is tested and incremented*/ 


The left shift of al makes room for each succeeding bit of 
the interleaved result. The next instruction swaps g0 and g1 
between a0 and aa0 and sets the DAU flags based on the new 
contents of a0. The “if minus” instruction essentially tests 
the most-significant bit of a0 from the previous instruction 
and adds 1 to al, which holds the result, if the most-signifi- 
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cant bit in a0 isa 1. By adding 1 to al, the instruction sets the 
least significant bit in al to a 1. The final left-shift of a0 pre- 
pares the current contents of a0 to test the next bit two iter- 
ations of the loop later (because of the swap of a0 and aa0). 
After 32 iterations of the loop, the 16-bit values that g0 and 
g1 represent have been interleaved, and the resulting 32 bits 
have been stored in a buffer pointed to by r1. 

Once the instruction-cache do loop completes the inter- 
leave for one 16-bit input, the “if c0” instruction tests to see 
if the counter has reached 0. The instruction automatically 
increments c0 after each test, so that, after the sixth time 
through the loop, the test fails, and processing is done.ol 
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A transaction approach 
to error handling 


Bruce A Rafnel, Hewlett-Packard Co 


You can apply the transaction-based recovery 
concept used in databases to any application. 
Doing so helps provide more reusable and 
maintainable programs. 


Programs contain two major paths: a forward path that does 
the work and a reverse path that rolls back the work when 
the program detects errors. Typically, these paths are so 
tightly bound together that both paths are difficult to read. 
Code that is difficult to read results in code that is difficult 
to write, debug, enhance, and reuse. 

For example, in object-oriented programming, you cannot 

reuse objects as much as you might want, primarily because 
the objects are tightly bound together at the error-handling 
level. Many times, error code even gives clues about how a 
program implements an object. 
_ The solution is to handle errors in programs as you would 
in a database-transaction recovery mechanism. A database 
transaction is a unit of work that involves one or more oper- 
ations on a database. For example, the operation of inserting 
data into a database could be a transaction if it’s the only 
operation performed. If you combine the insertion with an 
update, the program considers both operations as one trans- 
action. In a database transaction, the transaction either exe- 
cutes in its entirety, or, if an error appears in any of its oper- 
ations, the transaction totally cancels as if it had never 
executed. If an error appears, the program automatically 
rolls back all work to the beginning of the transaction. 

When a development team first introduces transaction error 
handling to a project, many engineers resist it because it 
requires the removal of IF statements after calls to functions. 
Engineers also believe the technique makes debugging more 
difficult. However, after seeing how much easier it is to read and 
write transaction error-handling code, the resistance fades. In 
addition, transaction error handling decreases debugging time 
to a little less than that of the traditional method. The reason 
for this decrease is probably that transaction error handling has 
less embedded error-handling code, causing defects to stand 
out more. Also, when you add error-handling code, you do so in 
the structured way that most engineers like to work—a method 
that disturbs very little of an already-debugged program. 


Ae The software listings in this article are available on EDN’s computer 
bulletin-board system. Phone (617) 558-4241 with modem settings 
| 300/1200/2400 8,N,1. Access /freeware SIG and specify (r)ead 
' option followed by (k)eyword search for “MS #769.” 


Software developers are often dismayed at how difficult 
commercial programs are to maintain and design, compared 
with programs they developed in school. The reason for this 
may be that the programs students develop in school are 
“toys” that assume perfect inputs and that the hardware has 
unlimited memory and disk space. In addition, most software 
engineers have very little formal training in error-handling 
methods. Typically, software developers learn error han- 
dling by example or by trial and error, and they use the tra- 
ditional error-handling model: Check for an error, find an 
error, and return an error code. 

Many formal design processes, such as structured analysis 
and structured design, recommend that developers ignore 
errors during design because such errors are an implemen- 
tation detail. However, this “minor” detail can take up to one- 
third of the code in commercial programs. This code appears 
not just around algorithms but directly in the middle of the 
algorithms. The resulting programs are difficult to read, 
debug, and reuse. 

In addition to existing design methodologies, such as 
structured analysis and structured design, is exception han- 
dling, or error handling. This programming style separates 
most of the error-handling processes from the main algo- 
rithms. Error handling comprises four main parts: detection, 


FORWARD PATH 


ae FUNCTION A 


SETUP 

VALIDATE INPUTS 
CALL FUNCTION C 
VALIDATE RESULTS 
CALL FUNCTION B 
VALIDATE RESULTS 
RETURN 


REVERSE ERROR PATH 


FUNCTION B 
SETUP 
VALIDATE INPUTS 
CALL FUNCTION C 
VALIDATE RESULTS 
OPERATION 
VALIDATE RESULTS 
RETURN 


FUNCTION C 
SETUP 
VALIDATE INPUTS 
OPERATION 
VALIDATE RESULTS 


RETURN 


Fig 1—In traditional error-handling program flow, the forward path 
does the work of the program, and the reverse path does the error 
handling. Error-handling code appears throughout the algorithm. 
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correction, recovery, and reporting. The main focus of this 
article is error recovery. | 

In this context, the term “error” does not refer to a defect 
but to an exception that an algorithm cannot handle. A 
“defect,” on the other hand, is an error that strains the design 
limits of an entire application or a system. For example, many 
algorithms assume that there is unlimited memory. Insuffi- 
cient memory for the algorithm to complete successfully con- 
stitutes an error, and you must design the whole application 
to handle these out-of-memory errors. A defect occurs when 
an application that does not handle these errors causes a pro- 
gram to halt or to behave in an undocumented way. In other 
words, whether something is an error or a defect depends on 
what level of the software hierarchy you are observing. 


Mixed forward and reverse path problem 

Fig 1 shows the two major paths in commercial programs. 
The forward path does the work for which a program is 
designed. The reverse path is the error-handling code that 
keeps the forward path working correctly. It does this by 
detecting and fixing problems and rolling back partially com- 
pleted work to a point at which the algorithm can again con- 
tinue forward. 

An intermediate function in a program has to stop what it 
is doing in the middle of the algorithm because the program 
called a function that cannot complete its task. This can lead 
to “tramp errors,” a term similar to the “tramp-data” term 
of structured analysis and structured design (Ref 1). 

‘Tramp errors in functions do not directly relate to the cur- 
rent function but are the result of a real error occurring ina 
lower-level function. For example, function A(Q) calls function 
BQ). Function BC) needs some memory, so it calls the malloc() 
memory-allocation function. The malloc() function returns 
an out-of-memory error. This is a real error for the malloc() 
function. Function B() does not know how to get more mem- 
ory, so it has to stop and pass the error back to function A(). 


FORWARD PATH REVERSE ERROR PATH 


FUNCTION A 
BEGIN TRANSACTION 


SETUP 
VALIDATE INPUTS 
CALL FUNCTION C 


CALL FUNCTION B 
| END TRANSACTION 
FUNCTION B 
SETUP 
VALIDATE INPUTS 
CALL FUNCTION C 
OPERATION 


VALIDATE RESULT 
RETURN 


FUNCTION C ~ 
SETUP 
VALIDATE INPUTS 
OPERATION 
VALIDATE RESULT 
RETURN 


Fig 2—In transaction error-handling program flow, only error- 
detection code for real errors remains, and most of the error-correc- 
tion and recovery code clusters around the beginning and end of the 
transactions. 
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From the perspective of function B() and probably function 
A(), an out-of-memory error is a tramp error. 

Tramp errors prevent functions from becoming “black 
boxes.” For example, function A() (above) now knows some- 
thing about how function B() works. In other words, tramp 
errors form a part of error recovery—not error detection— 
because if the program could immediately correct real 
errors, tramp errors would not occur. Because of tramp 
errors, almost every function has to handle errors that lower- 
level functions generate. This buck-passing can cause tight 
data coupling, which makes code reuse more difficult. 


Unreadable code and poor reuse 

Mixed forward and reverse paths and tramp errors com- 
bine to obscure the main forward path of the program, which 
is doing the real work. The correction and recovery parts of 
error handling are the main areas that obscure the code. Most 
of the code for detection and reporting can be in separate 
functions, so these components of error handling play less of 
a role in obscuring code than do the other two. 

You can solve the problems of unreadable code and poor 
reuse by separating the forward and reverse error-process- 
ing paths and by using context-independent error codes. This 
method of error handling is very similar to the way databas- 
es handle error recovery. Transactions control the rollback 
process when a group of database operations cannot complete 
successfully. 

The traditional defensive way of programming is to 
assume that a function may have failed to complete its task, 
resulting in a lot of error-handling code to check for the 
errors and to roll back partially completed work, as Fig 1 
shows. Now, assume the reverse—that returning functions 
have successfully completed their tasks. In this scenario, if 
the function or one of the functions it calls has errors, the 
function passes processing control to a programmer-defined 
recovery point. In other words, the programmer defines 
transaction points so that if there are any problems, the work 
rolls back to those points, and the processing again proceeds. 
With this approach, you do not need to check for errors after 
each function call, and tramp error-detection code does not 
clutter the forward path. 

Context-independent error codes provide more informa- 
tion than just an error number. They also provide information 
such as which function generated an error, the state that 
caused the error, the recommended correction, and the error 
severity. This information allows the program to correct the 
error in a location separate from the forward processing path. 

Programmers usually encode contexts of errors for error- 
reporting functions. For example, error contexts may include 
the names of the program, the function, the error type, and 
the error code. The program saves these parameters to 
report later. However, programmers rarely use sophisticat- 
ed encoding schemes because traditional error handling 
already knows the context of the error: Checking occurs 
right after a call to the offending function. 

With transaction error handling, the recovery process is 
separate from the forward processing path, necessitating the 
use of context-independent error codes. This may involve 
creating unique error codes across a whole application or sys- 
tem (with the codes bound at compile time). An alternative 
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would be to assign code ranges or other unique identifiers to 
functions at runtime. 


Code readability and reuse 

The transaction error-handling approach makes programs 
easier to read because the reverse-processing paths are visu- 
ally separate from the forward-processing paths. This 
method makes possible creating some general error-recov- 
ery interfaces so that functions (modules or objects) connect 
only loosely at the error-handling level. This loose connection 
is possible because the there are fewer tramp errors to con- 
trol the recovery process, and the program needs to handle 
only the real errors. 

Two methods you need for building a transaction error- 
handling library are transaction-control and transaction- 
data management. Transaction-control management 
requires some language support to implement the mecha- 
nism that controls error recovery. For example, languages 
like Hewlett-Packard Co’s Pascal-MODCAL have a 
“try/recover” feature that can support a transaction error- 
handling style. 

For other languages, you must use a “global-goto,” or 
“multithreaded,” feature, which allows a lower-level function 
and all other functions above it to exit to a point you define in 
a higher-level function without passing error-code flags 
through all the other functions. In C, you do this with the 
setymp and longjmp library routines. The setymp function 
saves its environment stack, and longjmp restores that envi- 
ronment. The listings, which are written in C, show how 
these functions work. 

The material in Ref 2 details the new C++ exception-han- 
dling feature, which provides an excellent foundation for a 
transaction-based error handler. The material in Ref 3 also 
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Fig 3—A try/recover statement defines error-recovery code that 
executes if a program detects an execution error within a particular 
area. 


describes how to add C++ error-handling functions to regu- 
lar C programs. However, overuse of transaction error han- 
dling can lead to code that is just as cluttered as the tradi- 
tional error-handling style. You must design transaction 
boundaries for objects with the same care that you would to 
design an object’s interface. 

Ifa language is missing a global-goto or multithreaded fea- 
ture, use macros or other “wrapper” functions to build recov- 
ery processes that are mostly invisible. Wrapper functions 
and macros add functionality to functions that you cannot 
change, such as library functions. 

In building a transaction-handling package, you might 
want to give it the following features: 

e Allow nested transactions by keeping the transactions’ 
beginning points on a stack. 
e Allow functions to share a common transaction stack. 


LISTING | - TRADITIONAL ERROR-HANDLING STYLE 


/* read.c - Read a binary formatted file 
/* This program reads and prints a binary file that has the 
/* following structure: 


Record type code (The last record has a value of 0) 
Size Number of characters in Msg 

Msg 0 to 2048 characters 

Record type code 

Size 

Msg 


#define aExitErr(pMsg, pErr) 


puts (pMsg); exit (pErr) 
#define aRetErr(pMsg, pErr) 


puts (pMsg); return (pErr) 


typedef struct { 
long Type; 
int Size; 
aFileHead; 


Forward Algorithm: 


Main 
1. Open the file. 
2. Call the Read process. 
3. Close the file. 


Err; 
FILE * InFile; 
if ((InFile = fopen("file.bin", "rb")) == NULL) { 
aExitErr("Error: Could not open: file.bin",1); 


if ((Err = aRead(InFile)) != 0) { 
aExitErr("Error: While reading: file.bin", 2); 


} 
if (fclose(InFile) { 
aExitErr("Error: Closing: file.bin", 9); 


}/* main() */ 
Forward Algorithm continued: 


Read Process 
1. Read the Type and Size values. 


2°" T£:Type = 0, é6xit.. 

3. Read Size number of characters into the 
Msg variable. 

4. Print the Msg. 

o. Go-to-step: 1. 


int aRead(pHandle) 
FILE * pHandle; 
{ 


int Err, N; 
char * Msg; 

long RecNum; 
aFileHead RecHead; 


if ((Msg = (char *) malloc(2048)) == NULL) { 
aRetErr("Error: Out of memory", 3); 


RecNum = OL; 
while (1) { 
if (fseek(pHandle, RecNum, SEEK_SET) < 0) { 
aRetErr("Error: in fseek", 4); 


N = fread((char *) &RecHead, sizeof (aFileHead), 1, 
if (Ww <'0) { 

aRetErr("Error: in fread", 5); 
} else if (N != 1) 

aRetErr("Error: short fread", 6); 


pHandle) ; 


if (RecHead.Type == OL) 
return (0) ; /* EOF */ 
if (RecHead.Size) { 
if ((N = fread(Msg, RecHead.Size, 1, 
pHandle)) < 0) { 
aRetErr("Error: in fread", 7); 
} else if (N != 1) { 
aRetErr("Error: short fread", 8) ; 


if ((Err = aPrint (Msg, 


RecHead.Size)) != 0) { 
aRetErr("Error: in aPrint", Err); 


} 


RecNum = RecNum + RecHead.Size + sizeof (aFileHead) ; 


} /* aRead() */ 
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LISTING 2 - TRANSACTION ERROR-HANDLING METHOD 


read.c - Read a binary formatted file 
This program reads and prints a binary file that has the 
following structure: 
Record type code (The last record has a value of 0) 
SizeNumber of characters in Msg 
Msg 0 to 2048 characters 
Record type code 
Size 
Msg 
#include"erpub.h" 
#include"epub.h" 
typedef struct { 


Forward Algorithm: 

Main 
1. Open the file. 
2. Call the Read process. 
3. Close the file. 

main() { 

FILE * InFile; 

erRecOn = 1; 

if (erSet()) { /* Transaction rollback point */ 
printf("Error: td in function: %s\n", erErr, 

erFun) ; 

erUnset (); 
exit (1); 

} /* End Recovery section */ 

InFile = fopen("file.bin", "xb") ; 

e Allow functions to define their own transactions with a 
common transaction stack, or allow functions to define 
their own transaction stacks for special cases. 

@ Define special transaction points to handle errors in com- 
mon categories. (For example, abort the whole program, 
restart the whole program, close all files and restart, 
close current file and restart, and release all memory not 
needed and restart.) 

e Have the transaction error handling turn on and off. 
(When transaction error handling is off, a function 
returns error codes in the traditional way.) 

e@ Define expected errors for some functions by masking 
out the needed errors. (You can simulate this feature by 
turning off transaction error handling, but then you also 


have to manage unexpected errors.) 


Transaction-data management 

Recovery involves more than just rolling back functions to 
undo some intermediate work. It may also involve releasing 
unneeded memory or changing global variables back to the 
values they had at the beginning of the transaction. 

You can best manage memory using a mechanism similar 
to the mark/release memory feature in some implementations 
of Pascal. The mark/release procedures allow dynamic alloca- 
tion and deallocation of memory in an executing Pascal pro- 
gram. The C functions malloc() and free(), along with a stack 
of pointers to track the allocated memory, provide the best 
features for allocating and freeing memory. With these fea- 
tures, you can call a mark function just before the program’s 
transaction starting point to mark the current stack point. If 
a longjmp() goes to this recovery point, the release function 
is called to free any memory allocated after the mark point. 

To remove pointers from the mark/release stack, you need 
a commit function at the end of a program transaction. The 
commit function indicates the successful completion of a 
transaction in the database context. You must also consider 
nested transactions, however. A simple solution would be to 
have each transaction keep its own mark/release stack. 
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aRead(InFile) ; 

fclose (InFile) ; 

erUnset () ; 

main() */ 

Forward Algorithm continued: 


Read Process*/ 
1. Read the Type and Size values. 
. Lf Type = 0;'"exit:: 
. Read Size number of characters into the 
Msg variable. 
4. Print the Msg. 
5. Go to step 1. 


int aRead(pHandle) 
FILE * pHandle; 
{ 


char * Msg; 

long RecNum; 

aFileHead RecHead; 

Msg = (char *) malloc(caMsgLen) ; 


RecNum = OL; 
while (1) { 
fseek(pHandle, RecNum, SEEK_SET) ; 
fread((char *) &RecHead, sizeof (aFileHead), +1, pHandle) ; 
if (RecHead.Type == OL) { 
return; /* EOF */ 


} 

if (RecHead.Size) { 
fread(Msg, RecHead.Size, 1,pHandle) ; 
aPrint (Msg, RecHead.Size) ; 


RecNum = RecNum + RecHead.Size + sizeof (aFileHead) ; 


} P aRead() */ 


LISTING 3 - MACROS AND GLOBAL DATA STRUCTURES 


/* erpub.h - Error Recovery Public Include file */ 
#include<setjmp.h> 
/* Private Variables */ 
#define vMaxEnv 5 
jmp_buf vEnv[vMaxEnv] ; 
int 
vLevel = -1; 
/* Public Variables */ 


#define cerFunNameLen 32 


#define erSet () setjmp (vEnv [++vLevel1] ) 
#define erUnset () - -vLevel 
#define erRollBack(pFun, pErr, pRet) \ 
strncpy(erFun, pFun, cerFunNameLen); \ 
erFun[cerFunNameLen-1] = \0;\ 
erErr = pErr;\ 
if (erRecOn && vLevel >= 0) { \ 
longjmp (vEnv [vLevel], pErr) ;\ 
} else { \ 
return (pRet) ;\ 
GLrErr: =, 0-; 
erFun [cerFunNameLen] ; 
erRecOn =.0; 


You can roll back global and other static variables with a 
strategy similar to the one in the memory-management 
problem. Just before a transaction’s beginning point, the pro- 
gram saves on a stack the states of all the globals that might 
change. This strategy allows you to nest transactions. 


Context-independent error codes 

The traditional error-handling style of checking error 
codes after each function call automatically gives errors a 
context. The transaction error-handling style provides this 
context information in another way. The biggest challenge in 
transaction error handling is that error codes alone are not 
very useful. For example, “97” could be the letter “a” in 
ASCII code, the digits “6” and “1” in BCD format, index 97 
in a message array, the 97th error, an out-of-memory error, 
a disk-full error, a divide-by-zero error, or another error. 

To decode an error code, a program must know the source of 
the error. Some information that the program may save when 
an error occurs includes the machine name, the program name, 
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the process number, the module name, the function name, and, 
of course, the error code. The program needs to send this infor- 
mation only when it must roll back a transaction. 

The amount of information that the program saves 
depends on the location of the transaction-recovery point and 
on the runtime environment. For example, a client-server 
application may need more information than does a simple 
PC application. Each recovery point can usually find higher- 
level context information fairly easily. For example, the 
names of the machine, program, module, and function can 
easily pass down to a lower-level recovery point. However, a 
program cannot collect lower-level context information 
because, by the time the program gets down to that level, the 
function that had the error would no longer be active. 

You may want to consider the following points when imple- 
menting a transaction error-handling scheme: 

@ Put the rollback points, if any, at the beginning of func- 
tions. 

e@ Put error detection and default substitution at the begin- 
ning of functions. 

e@ Put some,error-detection code in the middle of functions 
to check intermediate values. 

e Put error-detection code at the end of functions to vali- 
date the results. 

@ Do not put error-handling code for managing rollbacks in 
the middle of a function. 


Traditional error-handling style 

Listing 1, which reads a binary formatted file, is coded 
with a common error-handling style. The code would have 
been more cluttered without the aEwitHrr() and aRetErr() 
macros to manage the error reporting and recovery. Listing 
1 uses the simple error-recovery process: Detect error, 
report error, and exit. However, notice how much error-han- 
dling code is mixed in with the algorithm. 

Listings 2 through 5 show an implementation of the trans- 
action error-handling style. Listing 2 performs the same 
function as the program in Listing 1 but uses the transaction 
style of error handling. The functions erSet, erUnset, and 
erRollBack provide the error handling defined in the include 
file erpub.h. Listings 3 through 5 show the support functions 
for the transaction error-handling method. In the main body 
of the algorithm, the code following the recovery sections is 
clearer than that in the traditional error-handling example, 
and there is no error-handling or recovery code mixed in 
with the algorithm. 

However, there are some shortcomings in the support 


LISTING 4 - WRAPPER MACROS 


/*epub.h - Error Library Wrapper Macros (only a few are 
shown here) */ 

#define ceEOF 

#define ceOutOfMem 

#define ceReadErr 

#define ceReadShort 


#ifndef vInE 
#define fclose (pStream) eClose (pStream) 
#define fopen(pFileName, pType) eOpen(pFileName, pType) 
#define fread(pPtr, pSize, pNItem, pStream) \ 
eRead(pPtr, pSize, pNItem, pStream) 
#define fseek(pStream, pOffset, pPrtName) \ 
eSeek (pStream, pOffset, pPrtName) 
#define malloc (pSize) 
#endif 


eMalloc (pSize) 
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modules. For example, most of the macros should be func- 
tions, and the program should save the vEnv values in a 
linked list. Some engineers point out that the transaction 
implementation of read.c is not really shorter than the tradi- 
tional implementation of read.c because the error-handling 
code simply moves from read.c into the support functions. 
But that is exactly the goal: to remove the error-handling 
code from most functions and encapsulate the error-handling 
in common shared code. 

The include file epub.h contains wrapper macros that cause 
the program to call the appropriate transaction error-han- 
dling functions instead of the standard library function. For 
example, when invoking the standard function fclose, the pro- 
gram actually calls the function eClose. 

Listing 3 defines macros and global data structures that 
form a crude error-transaction manager. The macros per- 
form the following operations: 

@ erSet. This macro adds a rollback point to the vEnv (envi- 
ronment) stack. 

@ erUnset. This macro removes the top rollback point from 
the vEnv stack. 

® erRollBack. This macro saves the function name and 
error code in a global area (erFun and erErr), and if the 
erhecOn flag is true, control passes to the rollback point 
defined on the top of the vEnv stack. If erRecOn is false, 
erRollBack simply returns the usual error code. 

These macros are for illustration only. Thus, there are no 
internal checks for problems, and you should define the glob- 
al data structures as static values in a library module or cre- 
ate a structure to collect them. This structure is passed to 
each of the transaction error-handling functions. 

Listing 4 contains wrapper macros that cause the pro- 
gram to call the functions in the file e.c in place of the stan- 
dard library functions. The functions in e.c behave the same 
as the standard library functions, but if the error transaction 
manager is on (erRecOn is true in erpub.h), control passes to 
the last defined rollback point, rather than just returning the 
same error code as the associated standard library function. 

Using these wrapper macros makes it easier to add trans- 
action error handling to old programs, but if you want to 


LISTING 5 - WRAPPER FUNCTIONS 


/* e.c - Error Library Wrapper Functions (only a few are 
shown here) */ 

#define vInE 
#include 


void * 


"epub.h" 
eMalloc (pSize) 
size_t pSize; 


void * Mem; 
if ((Mem = malloc(pSize)) == NULL) { 
erRollBack("malloc", ceOutOfMem, Mem) ; 


return (Mem) ; 

eMalloc */ 

eRead(pPtr, pSize, pNItem, pStream) 
char *pPtr;: : 

size t pSize, pNItem; 

FILE * pStream; 


size_t Num; 

Num = fread(pPtr, pSize, pNItem, pStream) ; 

if (feof (pStream) ) 
erRollBack("fread", ceEOF, Num) ; 

} else if (Num <= 0) 
erRollBack ("fread", ceReadErr, Num) ; 

} else if (Num < pNItem) { 
erRollBack("fread", ceReadShort, Num) ; 


return (Num) ; 
} /* eRead */ 
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make the error-handling process more visible, have the pro- 
gram call the functions in e.c directly instead of the standard 
library functions. The file in Listing 4 is also a good place to 
define context-independent error codes. 

The file in Listing 5 contains the implementations of the 
wrapper macros in epub.h. Listing 5 shows only two of the 
functions. These functions behave exactly like the standard 
library functions with the same name because they call the 
standard library functions. For more flexibility, a real error 
transaction manager might allow you to define the error 
codes that determine whether a rollback occurs. 

So far, only small programs and enhancements of existing 
programs have used the transaction error-handling tech- 
nique. But, its features—greater code reuse, greater code 
supportability, and better quality code—may make it more 
widespread. Just as you can separate the functional part of 
algorithms from user interfaces (client/server models), you 
can also separate error handling from the functional algo- 
rithm. EDN 
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Designing with hysteretic 
current-mode control 


Gedaly Levin and Kieran O’ Malley, Cherry Semiconductor Corp 


Hysteretic current-mode control has many 
advantages over constant-frequency control, 
including stability, inherent load-current 
limiting in a buck topology, and an instanta- 
neous response to load-current changes. 


Since the first current-mode control ICs emerged in the early 
1980s, the popularity of current-mode control has made it the 
method of choice for most power supplies. Although there are 
a number of different types of current-mode control (Ref 1), 
the most popular is constant frequency with turn on at clock 
time. Constant-frequency control has become synonymous 
with current-mode control for most designers. As a result, 
the most popular control ICs are the 384X series, which a 
variety of suppliers manufacture. 

Although the limitations of constant-frequency control are 
well known, it has remained the dominant control method for 
just about 10 years. Other methods, such as resonant-mode 
control, have not become as popular as expected, perhaps 
because of the difficulty in designing a practical supply and 
an overwhelming fear of variable switching frequencies 
within the power community. Industry focus recently has 
shifted to power-factor correction because of the impending 
implementation of IEC 555 and to synchronous switching for 
maximum efficiency. Still other methods of current-mode 
control remain unexplored. 

One of the alternate types of current-mode control for 
which control ICs are available is hysteretic-mode control. 
Hysteretic current-mode control, which the Bose Corp 
patented in 1984 (Ref 2), has remained an obscure technique 
few designers use, yet it offers significant advantages for 
many applications. Hysteretic current-mode control (HCMC) 
offers the tightest and most accurate control of inductor cur- 
rent, is unconditionally stable regardless of duty cycle, and 
offers excellent transient response to step loads. The advan- 
tages of this control technique include 

@ Inherent load-current limiting 


@ Short-circuit-proof operation in buck-derived topologies 
No slope compensation required for duty cycles above 
50% 

@ Easy loop-stability design 

@ No subharmonic oscillation 
a 
3 


Instantaneous response to load-current changes 
Constant peak-to-average inductor-current ratio. 

Also, because the off time extends as the output voltage 
drops, the average power dissipated across the switch is 
always under control. 

You can use HCMC with most switching-regulator topolo- 
gies, including buck, forward-mode, boost, and continuous- 
mode flyback converters (see box, “Buck-regulator design 
example,” which takes you through a typical design step by 
step). 

HCMC ideally suits applications that require control of 
both load current and output voltage and require that power 
supplies behave as constant-current sources and as constant- 
voltage regulators. Examples of these applications include 


ERROR 
AMPLIFIER 


“ CURRENT-SENSE 
COMPARATOR 


Fig 1—An external R/C network determines the fixed operating fre- 
quency of a constant-frequency controller; the control loop deter- 
mines the on-time of Q.. 
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battery chargers, arc welders, fluorescent lamps, laser power 
supplies, and servo-motor control circuits. 

Due to its free-running operation, HCMC is unsuitable for 
any application that needs to synchronize the supply’s 
switching frequency with some external clock. This fre- 
quency variation, while predictable, may also limit HCMC’s 
application in certain areas, such as video. Although not dis- 
cussed in this article, HCMC can provide pulse-by-pulse 
overcurrent protection in universal-input power supplies 
that use a continuous-mode flyback topology. 


Compare constant frequency vs hysteretic 

Comparing the operation of constant-frequency and hys- 
teretic-mode controllers highlights major differences. Fig 1 
shows a simplified block diagram of a constant-frequency 
current-mode regulator. The clock or oscillator sets the RS 
flip-flop each cycle and turns on power-switch Q, while the 
control loop determines the period for which it remains on. 
The external R,/C, network determines the operating 
frequency. 

In Fig 1, the controller detects the peak inductor current 
by sampling the voltage across R, while sampling the output 
voltage V,,,, directly. Depending on the value of V,,,,,, the 
output of the error amplifier determines the peak current 
that flows in the inductor by constantly adjusting the voltage 
level on the inverting terminal of the current-sense com- 
parator. The controller detects any change in the input volt- 
age by detecting a change in the peak current measured as a 
voltage across R.; it then adjusts the on-time of the FET to 
hold V ,,; constant. 

This common configuration has several disadvantages. 
First, regulation performance is limited because the switch 
turn-on is always controlled by the clock and is independent 
of the feedback loop. Thus, a minimum on-time exists, which 
limits the maximum operating frequency and can become a 
significant part of the total switching period. 


Se 


A ‘ 


| 
| 
| 
SLOPE=Voy7/L 


N 


l i 

1 4 (ony | ty (OFF) 
| 

| 


tb (on) tb (OFF) 


NOTES: 
t; AND I4yg, CORRESPOND TO V,, LOW. 
ty AND Inygo CORRESPOND TO Vj, HIGH. 


Fig 2—One disadvantage of fixed-frequency control is that changes 
in input voltage cause changes in the duty cycle. Duty cycle changes, 
in turn, cause changes in the peak-to-average current ratio. 
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A second problem with this configuration also occurs: 
Because the circuit only detects the peak current, the peak- 
to-average current error will vary with duty cycle. Fig 2 
shows what happens in a fixed-frequency controller when an 
increase in input voltage causes a change in the duty cycle 
(assuming a constant output voltage). Time, t, stands for the 
on and off times that correspond to some low input voltage, 
and t, to some higher input voltage. The down slope of the 
inductor current is constant and equal to V,,,,./L. 

When V,, is low, more time is required for the current to 
reach its peak value I,,,,,, which results in a higher average 
current (I,,, in Fig 2). On the other hand, if the input volt- 
age is high, the on-time is reduced, and the average current, 
I qos 18S lower. Thus, the peak-to-average current ratio 
depends on the duty cycle. Because the output voltage is pro- 
portional to the average current, changes in the input volt- 
age cause momentary changes in the output voltage—which 
the error amplifier feedback loop corrects. The current- 
sense-amplifier loop monitors the peak current and causes a 
further output-voltage change. 

A third problem with a fixed-frequency system is that it 
can become unstable for duty cycles greater than 50%. Any 
increase in inductor current (AI, in Fig 3) tends to increase 
with time if the duty cycle is greater than 50%, resulting in 
a larger increase, AI,. Slope compensation can overcome this 
problem but adds complexity and external components to the 
design. 


Hysteretic current-mode control 

Fig 4a shows a similar regulator that uses a hysteretic- 
mode control system. In HCMC, no oscillator exists. The reg- 
ulator senses inductor current by monitoring the voltage 
across kh, using a differential current-sense amplifier. This 
amplifier’s output drives two comparators, I,,.,,, and Iy,, ny: 
The inductor current I, ramps alternately between an upper 
limit I and a lower limit I (Fig 4b). 


PEAK VALLEY 


Fig 3—In fixed-frequency controllers with duty cycles greater than 
50%, the response to an input-current change Al, is alarger change 
Al. 
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The hysteretic-mode regulator (typically implemented in a 
control IC such as the CS324) maintains a controlled differ- 
ence AI between the comparators’ inputs using a voltage-con- 
trolled current source (VCCS). The output of an error ampli- 
fier adjusts the reference voltage on the inverting terminal 
of the I,.,, comparator depending on the value of V,,,,,. The 
peak and valley comparators’ output controls the RS flip-flop, 
which turns the transistor switch off and on. If V,,,, changes, 
the reference voltage for I,,,, changes and the reference 
point for I, ,,y follows, thereby keeping the current-hys- 
teresis band AI constant. 

As the inductor current increases, the output of the cur- 
rent-sense amplifier reaches the threshold of comparator 
Tnax Whose output goes high, which resets the flip-flop and 
turns off Q,. As the inductor current ramps down, the output 
of the current-sense amplifier decreases to the threshold of 
comparator I,,,,,,y- The output of this comparator then goes 
high, the flip-flop sets, and Q, turns back on. 

Fig 5 shows what happens when the input voltage to an 
HCMC supply increases. As in Fig 2, t, and t, correspond to 
low and high input voltages. When the input voltage is high, 
the switch-on time toni decreases, which is similar to fixed- 
frequency control. However, the hysteresis band AI remains 


ERROR 
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CURRENT- 
SENSE 
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= 
RETURN 
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Fig 4—A hysteretic-mode controller (a) maintains a difference (Al) 
between two comparators, and inductor current increases and 
decreases between the comparators’ I,,,, and |, thresholds (b). 
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constant, as does the discharge slope, which ultimately 
increases the switching frequency, because f,=1/t,. Thus, 
unlike constant-frequency control, the peak-to-average cur- 
rent difference does not vary with duty cycle. 


Hysteretic control provides stability 

HCMC also overcomes the instability problem associated 
with fixed-frequency operation for duty cycles above 50% 
without the need for slope compensation. An increase in load 
current AI, causes the fixed hysteresis band AI to move 
upward by an amount AT, (Fig 6), which means that the dis- 
turbance at the end of the cycle (AI,) is the same as at the 
beginning. Thus, HCMC remains stable regardless of duty 
cycle. 

Another benefit of HCMC is its ability to limit the short- 
circuit current in buck or buck-boost converters. When the 
output of a buck regulator (Fig 7) short circuits and Q, is on, 
V oy7=0V, and the voltage across the inductor equals V,,. The 
inductor current rises quickly and reduces t,, (Fig 8). The 
discharge time t,,,, also increases because it is determined 
by Voy7/L, and V,,,_ is effectively a short circuit. The only 
voltage across the inductor during t,,,, is the forward voltage 
drop V,, of the diode. Q, doesn’t turn on again until the cur- 
rent has dropped to the required valley limit. Thus, under 
short-circuit conditions, an HCMC regulator can only deliv- 
er a fixed maximum current. 


Derive design equations 

In Fig 7’s basic buck regulator, Q, interrupts the input 
voltage and provides a variable-duty-cycle and variable-fre- 
quency square wave to the output LC filter. The filter aver- 
ages the square waves to produce a dc output voltage. The AI 
hysteresis-band setting controls the inductor current; the 
voltage-feedback loop controls the output voltage. The aver- 
age voltage across the inductor over one cycle is zero. The 
volt-time product of t,. must equal that of t,,.. 

A number of equations are crucial to the design of a hys- 
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Fig 5—With HCMC, the peak-to-average current remains constant 
regardless of input voltage. 
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teretic-mode regulator. During the on and off times, the volt- 
age across the inductor L is given by the following equations, ee ee. 
respectively, where V,,, is the FET’s drain-to-source voltage | — : a 2 
and V,, is the diode’s forward voltage drop: ; C 3 


Vi = Vin — Vour — Vos (1) 
Vi- = Vour + Vp. (2) 
FSO Ve lo =e tone (3) 
and Voug = (24) Vp. (4) 3 
torr Fig 6—H reek pevdletsa are takeout stable bacaesed increas- 


es in load current simply shift the hysteresis band upward, leaving 


Ina hysteretic buck regulator, the fixed hysteresis band AT the cyrrent disturbance unchanged at the end of one cycle. 


controls the ac current through the inductor. If AI, is the up 
slope and AI is the down slope of the inductor current in Fig During the on-time, 


Ab, then 
Ale =A Ale (5) ¥ L (6) 


| The design starts with a known set of requirements. For this _ 


| example, Mig =9 to 14V dc, Vo OUT 7=0V dc, +1%, leurs a : fin = Vour [1 - Vour |- ces a(t ae 129 kHz 

Fee: aN (10% of full loadl: and switching frequency= | | LxAl ee as pHx04A 9V 

| 200 kHz at maximum input voltage. a a ea ue ge 

| (1) Choose a value for the hysteresis current Al based onthe ae eae Ro ey ee 

| minimum load conditions using Eq 12 (from text): Twax = Ty aq a aaa sh 187 kHz. 

| AI = 2x lourmin =2X0.2A =0.4A. : : 

| ee. : = (6) Design the Siedive cu 2 4s a 

| (2) Calculate the value of Ro. using a 14: An N-channel FET is a better choice for the hich an Seek : 

og | . because it has a lower R, ny iS less expensive, and has a | 
0.5. _ wider selection available “than for a comparable p-channel 


—— Reeuge = ~VSENSEMAX. — ae 0.20 10%. 


— FET. However, the catch with using an n-channel deviceasa 
OUTPEAK d 


| | high-side switch is that it requires a gate-drive voltage. The 
| 3) Choose the inductor value ‘of continuous operation at min- circuit can easily generate this voltage if you add an addi- | 
; 


imum load using Eq 11. tional winding to the main inductor. Because one end of the 
: oe secondary winding is connected to the input voltage andthe 
L- ae tis vo : other to V.., the secondary voltage will remain above Ni 
| {<All Vy | providing a reliable gate-drive voltage. The steady-state yor = 
: | ge aers = age across the Segeely winding i is | 
E Fe Vo oo : Vsuc = Ves = co (Voxn + Vp ery) ~ Nose » oo 
' —— OUT ees OUT — 40.2 uH. oo. ce PR. oe oe ee ees 
Poe where Vor) | is the voltage drop across shee primary. ed Gnd 2 
_ Allowing a 5% tolerance on ke inductor value, Leanca=43 Viysec) is the voltage drop across the secondary diode. The | 
| pH 5%. __ turns ratio in this design is 1:1, and Vien and Vojseq Ore equal, ae 


| 4 Calculate the hyeteresi voltage V,, using Eq 14andEq15_ so V,.=5V. a 

| | (7) Calculate the maximum power sili in the diode Ce 
Vi = 5X Repay * AL—04V- =e] Oise re 
= If you short the output during the on-time, the ete : 
~ (5) Determine minimum and maximum frequency of sehen lator applies almost all of the input voltage to the induc- _ 
= using Eq 11 oo | | tor. However, a short during the off-time only applies the 


Ferme errr rn TTPO PLOT FLT POL LFA POAFTRAPL FOAL POLSPALIOAL FOTOLIA POLPRAL TOASTS TRLIPRSTOASTOAITOLPSSTOITOASOALPOAETOLSTOLIPALPOASTOAETOLPLTRAITRASTALTITOA TNT TITLES Ponte POncPoneTh 7nd Foc PHA 7OLFPALFPAETVRLFPRLFOACTOAFVRLFPALFRAFTOLF7O#00£7P4/POA/P8<PRACTN PrP Emm TL etree 
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and, during the off-time, 


AI 
L 


(7) 
Solving for t,, and t,,, produces the following equations: 


AIx L 


toy = = (8) 
=" (Var — Vour — Vos) 


AIxL 
| eed eat ESE ae a (9) 
cae (Vour + Vp) 


Because the total cycle time T=t,.+t 
quency f=1/T, 
efit 2 (Vin — Vour + Vos )( Vour + Vo) 


opr and switching fre- 


. (10) 


Finally, because V, and V,, are small compared with the 


other parameters in this equation, you can drop them and 
simplify the expression, ultimately leaving 


f= Vour ie Vour ; (11) 
AIx L Ta 

Thus, under steady state conditions, the switching frequen- 

cy is a function of V,, alone because AI, L, and V,,,, are 

constant. 


Solve for hysteresis-band current 

The average-inductor current I, has a fixed relationship 
to the peak-inductor current I,,,,, regardless of duty cycle, 
and I, is related linearly to the hysteresis voltage V I. The 
hysteresis voltage determines the width of the current hys- 
teresis band in Fig 4b, which, along with the inductor, deter- 
mines the boundary condition between continuous and dis- 
continuous modes of operation and thus the minimum load 
conditions. 

A good approximation for AI, to allow for some 
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Rsense 


‘CONTROL 


ig 7—In this basic buck regulator, the hysteresis band controls the 
inductor current, and a voltage-feedback loop controls the output 
voltage. 


headroom before discontinuous operation begins, is 


eg ee (12) 
The relationship between the maximum output current 
lourmax 2nd the peak inductor current I,,,, (note that 
I surmax 1S the same quantity as I, in Fig 4b) is 


Al 
lourmax = Iopax = 2 . 


(13) 


Sense resistor R,, which connects across the inputs to the 
current-sense amplifier, determines the maximum current 
the regulator can deliver. The relationship between R, 
and the maximum voltage developed across this resistor, 
V is 


SENSEMAX? 


_ VsenseMax a 0.9 


IppaK = (14) 


Repnsr Reense 


V sensemax aS both a steady-state component due to 

ourmax 2nd a varying component due to Al, which is 
determinedby the hysteresis voltage V,,. This varying 
component of V...cnyax 18 related to V,, depending on the 
particular IC control you use. In the case of the CS324 
control IC, V is related to AI (pin 8) by the rela- 
tionship: 


SENSE 


(15) 


ee 
VsENSE 7 5 ; 
EDN 
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Fig 8—Under short-circuit conditions, a fixed maximum current 
exists, I,..,, Which hysteretic controllers can deliver. 
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deep (optional 32k-word- 
deep) trace memory, and a source-level 
debugger. The source-level debugger, a 
graphical user interface for the ICE, 
provides pull-down and pop-up menus 
to speed debugging. It also includes a 
“notebook” from which users can select 
subjects by clicking on “tabs,” causing 
“pages” to appear showing all the 
options for a command. 

CodeICE doesn’t consume target 
resources. For example, it does not use 


Debugger controls multiple processors simultaneously 


The SuperVision debugger from 
Mercury Computer Systems lets you 
debug real-time systems based on 
multiple processors. Instead of using a 
single-processor debugger for each 
processor, SuperVision allows you to 
simultaneously monitor and control 
multiple processors. A graphical user 
interface (GUI) provides a system-level 
view of the embedded system. Through 
the GUI, you can debug one to 
hundreds of processors. 

SuperVision’s multiple monitoring 
capability lets you view the operation of 
each processor. Developed to support 
Mercury’s Race multicomputers, 
SuperVisor accesses the runtime 
environment via the company’s MC/OS 
distributed real-time operating system. 

SuperVision offers a choice of four 
window types: a process session that 
lets you create other windows, a bundle 
editor that groups processes for 


EMBEDDED SYSTEMS 
40-MHz ICE for the 68040 operates as fast as 40 MHz 


A graphical user interface controls the Applied Microsystems CodelCE. The 
device supports 40-MHz 68040 Ps. 


nonmaskable or other interrupts. It 
runs at the full speed of the »P—now 40 
MHz—and, like the pP, will operate 
faster in the future. When operating in 
target memory, the ICE does not insert 
wait states, even at clock speeds of 40 
MHz, and the overlay memory does not 
need wait states at speeds as high as 25 
MHz. | 

The device’s fully isolated probe tips 
use FET-isolation technology for low 


monitoring and control, a view editor 
that handles bundle control and 
data processing, and a display 
window that presents a_ real- 
time interactive display of the 
multicomputer 
runtime envi- 
ronment. 
Other tools 
available with 
SuperVision 
save and restore 
all debug and 
display setup 
parameters, log 
data during 
operation for off- 
line analysis, 
and provide on- 
line, context- 
sensitive help. 
SuperVision 
runs on Ssun 


skew, delay, and load. Eth- 
ernet (4 Mbytes/minute) 
or a high-speel parallel 
interface (5 Mbytes/ 
minute) provide channels 
for uploads and down- 
loads. CodeICE also offers 
diagnostic routines so that 
you can set up execution 
loops to snoop with a scope 
and see what the hardware 
is doing. 

The CodeICE supports 
using a 68360 in compan- 
ion mode with the 68040. A 
register utility supports 
the 68860’s SIMM regis- 
ters, and a decode utility 
decodes those registers. The device 
also supports cache coherency and bus 
snooping for multiple-68040 implemen- 
tations. 

CodeICE costs $20,950 for Sun 4 
workstations. A Microsoft Windows 
version will be available in July for 
$19,950.—David Shear 

Applied Microsystems Corp, Red- 
mond, WA. (206) 882-2000. 

Circle No. 320 


workstations; prices start at $5500. 

—David Shear 

Mercury Computer Systems Inc, 
Chelmsford, MA. (508) 256- 1300. 

Circle No. 321 


Mercury’s SuperVision lets you debug multiple processors from one 
debugger. 
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MICROPROCESSORS 


Zilog extends Z80 to 16 bits, 32-bit addressing 


/LMCS/UMCS/MCS3-0 


CLOCK WITH 
STANDBY 
CONTROL 


CHIP SELECTS 
AND WAITS 
REFRESH 
CONTROL 


DATA (16) 


oe ADDRESS (82) 


MEM BUS CNTLS 
/O0 BUS CNTLS 


EXTERNAL INTERFACE LOGIC INTERRUPTS 


CPU 


FOUR SETS OF REGISTERS 


The Z380 superimposes the Z80 instruction-set architecture on a 16/32-bit hardware imple- 
mentation. The Z380 handles 16/32-bit operations and full 32-bit addressing. It has an on- 


chip DRAM controller to simplify design-in. 


The Zilog Z80 wP is alive and well. 
Based on a pioneering architecture 
descended from the Intel 8080, that Z80 
has built a wide following in applica- 
tions requiring a full 8-bit wP that can 
move data. Zilog has now introduced 
the Z380 wP, which extends the core 
Z80 architecture for 16-bit processing 
and 32-bit addressing. Using current 
design technology, the 16-bit wP sup- 
ports clock rates up to 40 MHz. 

The original Z80 was a silicon miser: 
To cut real estate, Z80 designers used a 
4-bit adder and traded time for silicon. 
Many years later, the Z380 designers 
took advantage of today’s higher silicon 
densities and advanced design tech- 
niques. Unlike the Z80’s 4-bit data 
paths, the Z380 has full 32-bit data 
paths for 32-bit address and data calcu- 


lations. It performs 8-, 16-, and 32-bit 
operations. The Z380 also extends the 
Z80’s dual-register set to two register 
groups, each with four sets of registers. 
The device also extends the Z80 regis- 
ter set to 16- and 32-bit registers. You 
can use the Z380 register sets as regis- 
ter banks for fast context switching. 

The Z380 takes two 40-M Hz clocks to 
execute a basic instruction (100 nsec). 
Most instructions execute in three clock 
cycles. The Z380’s hardware is semi- 
pipelined: It starts the next instruction 
fetch while finishing execution of the 
current instruction. 

The Z380 is code-compatible with the 
Z80 and Z180 wPs; it can run Z80 and 
Z180 code with a 64-bit address space, 
and operate in extended mode with 32- 
bit addressing that opens memory to 4 


Zilog Z380 ..P 
25-, 40-MHz clock (static design) 
32-bit ALU 
32-bit multiply, divide 
Two register sets with four banks each 
(8/16/32-bit registers) 
8/16/32-bit operations 
2-clock basic instruction cycle 
16/32-bit SP, software stack 
32-bit internal data bus 
16- or 32-bit address space 
16-bit external data bus 3 
DRAM controller: six chip selects, pro 
grammable wait states, refresh 
Sleep, standby modes 
Four external interrupts 
2100-pin quad flatpack 
2$10 (100,000) 


Gbytes of address space. The chip 
offers a full set of addressing modes, 
including register, immediate, indirect 
register, direct, indexed, PC relative, 
and stack-pointer relative (new). 

For easier design-in, the Z380 has an 
on-chip DRAM controller for off-chip 
memory. It supplies up to six chip-select 
signals and has a DRAM-refresh con- 
troller. Additionally, it takes up to four 
external maskable interrupts and one 
nonmaskable interrupt to interrupt pro- 
cessing for external events. Interrupt- 
response time is approximately 8 psec. 

Zilog supplies an assembler, a link- 
er/loader, and a C compiler with the 
Z380. Also available are an evaluation 
board and an in-circuit emulator. 


—Ray Weiss 
Zilog Inc, Campbell, CA. (408) 370- 
8056. Circle No. 332 


Motorola 32-bit PowerPC 
targets embedded control 


Complex embedded applications, such 
as automotive-engine and drive-train 
control, are migrating to 32-bit pro- 
cessing. These applications are opening 
the door for 32-bit RISC processors to 
go beyond standard data-staging appli- 
cations, such as laser printers, X-ter- 
minals, and communications servers. 
For example, Ford Motor Co has con- 
tracted with Motorola to develop an 
embedded version of the PowerPC 
architecture for engine and drive-train 
control. 
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Motorola’s embedded PowerPC controller, the RMCU505 delivers 25-MIPS peak perfor- 
mance at a 25-MHz clock rate. Motorola bases the ,.C on a single-issue architecture. The 
505 has 4 kbytes of instruction cache and 4 kbytes of data SRAM. 


The resultant microcontroller (wC) 
family, Motorola’s RMCU500, delivers 
a peak performance of 25 MIPS with a 
25-MHz clock. Later versions will 
increase clock rates to 40 MHz, with a 
corresponding 40-MIPS peak perfor- 
mance. 

The first family member, the 
RMCU505 is a single-instruction 
machine, unlike the mainstream Pow- 
erPC 600 series, which are surper- 
scalar processors and can issue more 
than one instruction/clock cycle. The 
505 has a simplified 4-stage pipeline, a 
4-kbyte instruction cache, and a 4- 
kbyte general RAM, unlike the Power- 
PC chips, which have a unified cache or 


Motorola RISC MCU 

505 32-bit .C 
4-MHz external clock 
25-MHz interna! clock, later 40-MHz 
static design 
Dynamically reprogrammable clock 
32 general-purpose registers 
On-chip double-precision FPU with 32 
64-bit registers 
Multiply/accumulate DSP-like instruc 
tions 
4-kbyte instruction cache (2-way set 
associative) 
4-kbyte data SRAM 
32-bit memory bus (16/32-bit access) 
DRAM interface with 12 chip-select 
signals, and zero to seven wait states 
Sleep, doze, wait power modes 
3.3V at 40 MHz, 2.2V at 25 MHz 
700 mW typ at 33 MHz 
750-msec interrupt latency 
144-pin quad flatpack 
Samples available in the fourth quar- 
ter: less than $50 (10,000) 
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separate instruction or data caches. For 
many embedded applications, the 505’s 
inner-loop code can fit into the 1k-word 


instruction cache. The chip has a 32-bit — 


external-memory interface to mini- 
mize memory costs. The external bus 
supports a 4-word burst mode to speed 
memory accesses. 

The RMCU500 family is a Motorola- 
specific architecture that builds on the 
PowerPC Instruction Set Architecture, 
which Motorola developed with IBM 
and Apple Computer. The RMCU500 
designers are taking advantage of 
Motorola’s wC technologies. The 
RMCU500 family incorporates the next 
generation of the Intermodule bus 
developed for integrating multiple 
peripherals in the 32-bit 68300 wC fam- 
ily. This bus provides a standard, on- 
chip, intermodule connection for 
peripherals, making it easy for Motoro- 
la engineers to add peripherals or cre- 
ate application-specific variations. 

Instruction-set-compatible with the 
PowerPC RISC architecture, the 
RMCU500 uwCs have the advantage of 
object-code-compatible development 
platforms. You can use PowerPCs (and 
later Apple Macintoshes) to develop and 
partially test your embedded PowerPC 
code without cross-compiling to a dif- 
ferent target architecture. Develop- 
ment tools for the RMCU500 family 
include an optimizing C compiler, a 
linker, and an S-record generator for 
ROMable code.—Ray Weiss 

Motorola Inc, Austin, TX. (512) 891- 
2000. Circle No. 333 


Intel 196 16-bit wC 
deploys dynamic- 
address/data buses 


You can have it your way. If you want a 
multiplexed bus to save board space and 
memory, you can dynamically config- 
ure Intel’s 8XC196 microcontroller wC 
to have a multiplexed external bus of 8 
or 16 bits. If you want speed, you can 
configure the wC to have a separate 
data and address buses. The device is 
the first 196 to have a demultiplexed 
external bus. The bus can address up to 
1 Mbyte of linear address space. 

The Intel 8096/196 was the first suc- 
cessful 16-bit wC. Today, it still domi- 
nates the 16-bit wC market. The 196, a 
later version, includes a raft of periph- 
erals. Applications include disk-drive 
and automotive use. It is also a favorite 
for motor control due to its standard 
and specialized peripherals. The 196 
has an on-chip I/O controller called the 
Peripheral Transaction Server, which 
offloads the CPU from processing 
peripheral and I/O events. Instead, the 
peripheral transaction server transfers 
data to or from peripherals without 
forcing the CPU to process an inter- 
rupt. The server acts as a pseudo-DMA 
controller, stealing CPU cycles to move 
I/O data. 

The 8XC196NP has three PWM units, 
which you can use to drive a motor. The 
motor speed is proportional to the 
PWM signal duty cycle; a faster motor 
means a larger pulse; slower speed, a 
smaller pulse. Each PWM has 8 bits of 


Intel 8SXC196NP 16-bit C 
25-MHz clock 

1-kbyte ROM 

1-kbyte register RAM 

1.17-msec, 16316-bit multiply 
2-msec 32/16-bit divide 

DRAM interface with I/O controller 
offloads CPU (DMA) 

Two 16-bit timer/counters 

Four high-speed capture/compare 
channels 

Three PWM units 

Duplex serial I/O with baud-rate gen- 
erator 

33 I/O pins 

Four external interrupts 

5V at 25 MHz, 3.3V at 16 MHz 
100-lead SQFP/quad flatpack 
$19.50 (2000), $16.50 ROMless 

Intel Corp, Santa Clara, CA. (800) 
548-4725. 


Loral Makes a Replacement for the Versatec V80™ 
That Uses No Liquid Chemicals. 


NEW FROM LORAL 


The Loral 9080 is a plug-compatible, exact replacement for the Versatec V80. It 
gives you everything you want and need in a high speed printer/plotter. With the 
9080, you get clean, crisp copies every time using an environmentally-friendly dry 
process. No chemical inks or toners. 


EASY TO INSTALL AND USE 


Installation couldn't be easier. Simply unplug the V80 and plug in the 9080. The 
9080 is designed to work with all existing Versatec V80 software and hardware 
interfaces. 


Powered by the Astro-Med Print Engine, the 9080 prints high-resolution documents 
at 200 dpi on fanfold or roll paper. Print Speed is 15 pages per minute. Plot speed is 
one inch per second. Price is under $12,000. 


To order the Model 9080, call (813) 378-6984. For more information write: Loral Data 
Systems, P.O. Box 3041 M/S41, Sarasota, FL 34230 or call our hotline (813) 377-5590. 


LORAL 3 


CIRCLE NO. 102 


Versatec and V80 are trademarks of Versatec, Inc. 
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Human ce 
Without Programming 


If you can use an interactive graphics editor, you can design, animate and test your 
product's human interface with Altia® Design - without programming! 


And that's not all. With Altia Design you can connect your interface to your own software 
or hardware. Turn your prototype into a deliverable product - without delay. 


From consumer electronics, to medical equipment, to manufacturing control, to simulation 
visualization, Altia Design means you get better products to market faster. 


5030 Corporate Plaza Dr. #200 
Colorado Springs, CO 80919 
Tel: 719-598-4299 


Available on Sun, HP and Windows. Fax: 719-598-4392 


For Information or FREE DEMO SOFTWARE call 1-800-653-9957 


CIRCLE NO. 26 
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resolution and can handle 46.8 kHz 
(with a 24-MHz clock). 

BSO Tasking supplies tools for the 196 
wC. Those tools include a C compiler, a 
macro assembler, a locating linker, an 
extended floating-point library, and 
others. BSO also offers an in-circuit 
emulator for the 196. The BSO tools run 
on IBM PCs, and a port is under way for 
Unix platforms. Intel sells an evalua- 
tion board for the 8XC196NP. 


—Ray Weiss 
BSO/Tasking, Dedham, MA. (800) 458- 
8276. Circle No. 334 


The Intel 8XC196NP supports 
multiplexed and nonmultiplexed 
memory buses. It has a raft of 
on-chip peripherals, including an 
1/0 controller, PWM units, and a 
serial 1/0. 
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What does the future of embedded 


EMBED DED 


systems networking look like? Users could NETWORKING 


support all present and future networking proto- 


cols without re-writing application code. 


Developers could utilize low-cost, off-the-shelf protocols 


and device drivers, integrating them in BawWaa\weres 


hours or days instead of weeks or months. Supporting indus- | 


try standards, it would scale to fit embedded spaces and offer e 


speed attuned to high-performance real-time 


computing. The future is here now. OpEN™ — Open proto- 


col Embedded Networking — delivers a universal connec- 


tion between pSOSystem™ applications and 


the entire connected world... name your acronym. 


OpEN is open — and only pSOSystem 


has it. To get the full OpEN story, call us 


at 800-543-pSOS, fax 408-980-0400 or 


e-mail scg_sales@isi.com today. 


AppleTalk 
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Controller offers plain and fast Ethernet combo 


The IEEE’s acceptance of the 
100BaseX scheme for Fast Ethernet 
paved the way for a silicon implementa- 
tion of the new 802.3U standard. That 
silicon is now _ available: the 

SMC91C100. 

The device serves as a dual-speed 
CSMA/CD (carrier sense multiple 
access with collision detection) media 
access controller. It can handle 10- and 
100-Mbps signals on the LAN side and 
can connect to 16- or 32-bit buses on the 
host-processor side. 

For its physical-layer link, the con- 
troller can use standard CDDI or 
10BaseT devices. Its media-indepen- 
dent interface on the 100-Mbps port 
will also work with 4T+ physical-layer 
devices when they become available. 

The controller has several architec- 
tural features that simplify its use in a 
system. It has a flat MMU (memory- 


: My, 
Dual-speed circuits allow this Ethernet con- 
troller to operate at 10 and 100 Mbps. 


Intel CPLD combines flash memory, SRAM-based logic 


Flash memory has come to complex 
programmable logic: Intel’s Flexlogic 
integrates flash memory into the com- 
pany’s complex-PLD (CPLD) family. 
The iF X8160 CPLD combines eight 
22V10-like configurable-function 
blocks (CFBs) with a chipwide global- 
interconnection matrix. The CPLD 
supports clock rates up to 88 MHz with 
a 10-nsec logic delay. 

Flexlogic CPLDs rely on both SRAM 
and nonvolatile memory. The chip logic 
is programmed by loading the logic- 
defining SRAM from on-chip non- 
volatile memory or from an external 
source. This duality makes it easy to 
prototype and modify logic while elim- 
inating the need for off-chip memory to 
load the device on power-up. 

You can define each CFB as a 22V10 
look-alike or as a block of 128X10-bit 
SRAM. As a 22V10, the CFB contains a 
60-product-term array, a product-term 
allocator, and 10 macrocells. Each 
macrocell inputs two sets of up to two 


product terms and can borrow more 
terms from adjacent cells, incorporat- 


Intel flash iFX8160 
Flexlogic CPLD 


@ Extended 22V10 PLD architecture 

@ 0.6-mm CMOS 

@ 10-nsec logic delay 

@ To 83-MHz external clock 

@ Four chip clocks 

-@ PCl-bus compatible, 24-mA drive 

® 160 macrocells 

@ 16 configurable-function blocks (CFBs) 
(10 macrocells/CFB) | 

@ 22V10 or 128 10-bit SRAM CFBs 

@ SRAM/flash-memory programmed 
jogic : 

@ Dynamic load or load from flash 

@ 100,000 to 1 million min write/erase 
cycles for flash memory 

@ Dynamic reload of one-half of a chip at 
atime | 

@ 2.5-mA/MHz typ power 

@ 168 I/O pins, 3.3 or 5V I/O 

@ JTAG 1149.1 

@ $119 ($1000), 208-pin PQFP; $99, 15- 
nsec version — 


management unit) architecture con- 
nected to a 128-kbyte external memo- 
ry. The flat architecture simplifies and 
speeds memory access relative to a 
page architecture. 

The controller also boosts perfor- 
mance by offering a slave-only interface 
to the system. The reduced interface 
places data-flow control on the host 
processor, simplifying the IC’s opera- 
tion and reducing software overhead by 
eliminating bus-master arbitration. 

The device uses an external serial 
EEPROM to hold setup information and 
is software-compatible with the 
SMC9000 Ethernet controller. The 
SMC91C100 comes in a 208-pin QFP 
and costs <$50 for the controller and a 
10Base-T interface device. 

—Richard A Quinnell 

Standard Microsystems Corp, Haup- 
pauge, NY. (516) 435-6000. Circle No. 430 


ing up to eight terms per macrocell. 
Additionally, the macrocells at each end 
of the CFB can input up to 16 product 
terms. Macrocell performance is inde- 
pendent of the number of input product 
terms. 

Each macrocell incorporates a flip- 
flop and an I/O pin. You can bypass the 
flip-flop for a pure logic function. Both 
the I/O pin and the logic/flip-flop sig- 
nal feedback to the chipwide global 
interconnect. You can clock the flip- 
flops synchronously or asynchronous- 
ly, and they can have an asynchronous 
set and clear. Each macrocell also 
incorporates a 12X12-bit signal com- 
parator. 

Intel supplies the PLDshell Plus 4.0 
development tool set for Flexlogic. The 
software, which is free to Intel PLD 
customers, supports equational defini- 
tions for Intel-standard PLDs and other 
Flexlogic parts.—Ray Weiss 

Intel Corp, Santa Clara, CA. (800) 
628-8686. Circle No. 431 
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MCM+4 FPGAs=50,000 gates, 4048 flip-flops 


Sooner or later, it had to happen—the 
integration of multiple field-program- 
mable gate arrays (FPGAs) on a multi- 
chip module (MCM) or a hybrid of sorts. 
Altera did it first, combining four Flex 
FPGA chips with a crossbar routing 
chip from Aptix on a 516-pin, 
2.26 X2.26-in. MCM. This combination 
provides the largest PLD yet available: 
50,000 usable gates and 4000+ flip-flops. 
Signal-clock rates range from 10 to 20 
MHz on the system level to 70 MHz on 
the FPGA chips. 

The size of a large pin-grid array, the 
MCM ean serve as a logic or ASIC-pro- 
totyping tool. It lets you download and 
actually run your logic, driving and 
receiving signals from the external 
world. True, you cannot run at ASIC 
speeds, but you can emulate or func- 


FLEX 
EPF81188 70 MHz 
FPGA 


FIELD- 
PROGRAMMABLE 
INTERCONNECT 
CHIP 


FOUR EPF81188s 
IN 225-PIN 
BALL-GRID ARRAYS 


DECOUPLING CAPACITORS 
SOLDER-BUMP-MOUNTED 


FIELD-PROGRAMMABLE INTERCONNECT CHIP 


Altera’s EPF8050M integrates four EPF81188 FPGAs on a multi- 
chip module (MCM) with a crossbar routing chip. The chip routes 
signals between FPGAs or to external pins. The MCM fits neatly 


into a compact 516-pin pin-grid array. 


FLEX 
EPF81188 
FPGA 


CERAMIC LID 


tionally execute your logic in a system. 
That way, you can work out functional 
bugs long before reaching the expen- 
Sive silicon stage. Alternatively, you 
can use the module as a reconfigurable 
logic element for complex applications 
or as a logic-verification station. 

Four Altera Flex EPF81188 FPGAs 
in 225-pin ball-grid-array packages 
mount atop the MCM. In contrast, the 
Aptix routing crossbar field-program- 
mable interconnect chip (F PIC) mounts 
on the bottom of the MCM with flip- 
chip, solder bumps. The SRAM-based 
FPGAs and the FPIC are reprogram- 
mable, allowing you to try out designs 
without burning in or removing chips. 

The Flex FPGAs use on-chip SRAM 
to hold a logic design for execution. 
They have FPGA-like logic elements, 
each with a 4-input 
look-up table to map 
inputs into logic 
functions, supple- 
| mented with special 
| carry and look-ahead 
| logic. The logic ele- 
ments, each of which 
has a flip-flop, 
are organized into 
groups of eight, 
called a logic-array 
block. Each logic- 
array block supplies 
fast complex-PLD- 
like interconnection 
between logic ele- 
ments. These blocks, 
in turn, connect to a 
chipwide program- 


10 TO 20 MHz 


516-PIN 2-SIDED 
CERAMIC 
MULTICHIP 
MODULE 


Altera Flex EPF8050M 
FPGA/MCM | 


SRAM-based logic elements 

Four EPF81188 FPGAs 

50,000 estimated usable gates 

4048 logic-element flip-flops 
70-MHzFPGAclock ~~" 

10- to 20-MHz system clock 

Aptix field-programmable intercon- 


nect-component crossbar switch 

EPF*118 FPGA: 1008 logic elements, 
126 logic-array blocks, 184 I/O pins, 
each pin having an I/O element with a 


flip-flop ee 
SRAM-based FPGA elements with 

CPLD-like routingdelays =~ 

360 I/O pins, 516-pin pin-grid array 
multichip module 

$3995 


mable interconnection with a complex 
PLD-like fixed delay. I/Os feed into the 
chipwide interconnect or to individual 
logic elements. 

Altera has extended its Max+Plus II 
development tool to handle the MCM 
with multichip partitioning and 
MCM/FPIC routing. Max+Plus II 
works from schematic; graphical; or 
AHDL, Verilog, or VHDL hardware- 
description-language inputs. Max+Plus 
II then partitions and synthesizes the 
logic and maps it into the four FPGA 
chips. It also routes the signals on the 
MCM via the FPIC chip. The tool pack- 
age also includes an Aptix pin-list 


router, an AHDL compiler, a static- 


timing analyzer, and functional and 
timing simulators. Max+Plus II sells 
for $8000 and will be available by the 
third quarter.—Ray Weiss 

Altera Corp, San Jose, CA. (408) 894- 
7000. Circle No. 432 


IC multiplexes video signals. The 
MPC102 is a dual 2X1 signal multiplex- 
er that distributes and routes wideband 
analog and digital signals. The IC com- 
prises four identical open-loop buffer 
amplifiers with switching stages. Key 
specifications include a 210-MHz band- 
width, a 640-V/usec slew rate, 68-dB 
channel crosstalk, and a +4.6-mA (1- 
channel) quiescent current. Differen- 
tial gain and phase errors are 0.02% 
and 0.02°, respectively. The device 
comes in 14-pin DIPs and SOICs and 
operates from a +5V supply and over a 
temperature range of —40 to +85°C. 
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Use our postage-paid reader-service 


cards to get more information on 
any of these products. 


Prices start at $7.41 (100). Burr-Brown 
Corp, Tucson, AZ. (800) 548-6132. 
Circle No. 433 


Optical transceiver lowers cost of 
gigabit optical links. The FTR-8510 
transceiver combines a transmitter, a 
receiver, and a link controller in a 


1.5X2X0.4-in. module. The device oper- 
ates from 5V de and consumes 0.8W. 
The transceiver transmits data streams 
from 100 Mbps and 1.5 Gbps using ECL 
or positive emitter-coupled logic 
(PECL) levels over standard multimode 
fiber lines. The optical link operates 
over 50/125- or 62/125-u.m cable having 
multiple splices or connectors. The 
device is compatible with the ANSI 
X3T9.3 specification for the Fibre 
Channel, and it comes with duplex-SC 
or ST optical connectors. $660 (10). Fin- 
isar Corp, Menlo Park, CA (415) 364- 
3041. Circle No. 434 


2 CELLS IN, TRUE RS-232 OUT! 


Dual Transceiver Eliminates External Regulator & Improves Efficiency 
Maxim’s new MAX218 dual transceiver is the first and only IC that produces true RS-232 output 
levels directly from 2 battery cells. And, converting from input voltages of 1.8V to 4.25V directly 
eliminates costly step-up converters while improving efficiency. 
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Read-channel ICs implement par- 
tial-response/maximum-likeli- 
hood detection. Using the company’s 
detection implementation, the 32P4901 
and 32P4902 ICs offer 80-Mbps data- 
transfer rates with enhanced data 
detection and maintain a 750-mW 
power dissipation. The sampled-data- 
detection techniques increase density 
by 30 to 50% over standard peak-detec- 
tion recording. The ICs contain all the 
necessary functions for a single-chip 
read channel. The 4902 also offers a 4- 
burst servo capture for embedded 
applications. In OEM quantities, the 
devices cost <$15. Silicon Systems, 
Tustin, CA. (800) 624-8999, ext 151. 

Circle No. 435 


3V op amps swing rail to rail with 
high gain. The dual LMC6572 and 
quad LMC6574 op amps feature guar- 
anteed performance with 2.7 and 3V 
supplies, typical supply current of 40- 
wA/amplifier, typical and maximum 
input currents of 20 fA and 10 pA, 
respectively, and voltage gain of 120 dB 
when operating from 2.7V supplies. 
With loads of 50 kQ, the output swings 
to within 20 mV of each supply rail. In 
8- and 14-pin DIPs and SOICs, the dual 
and quad amplifiers start at $1.35 and 
$1.85 (1000), respectively. National 
Semiconductor, Santa Clara, CA. (408) 
721-5856. Circle No. 436 


155-Mbps clock-recovery IC oper- 
ates from -40 to +85°C. The AD802- 
155BR IC provides reliable clock recov- 
ery and retiming of data from 
fiber-optic links in a single device. The 
$43 (1000) device fits into a 20-pin 
SOIC, integrates all the necessary con- 
trol logic, and requires just an external 
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capacitor to operate. A frequency/ 
phase-lock architecture automatically 
uses frequency lock for coarse acquisi- 
tion and tracking, shifting to phase lock 
for continuous close-in, low-jitter track- 
ing. The IC maintains the lock through 
a transitionless data run of up to 240 
bits. Analog Devices, Wilmington, 
MA. (617) 987-1428. Circle No. 437 


High-speed comparators have 
wide input-voltage range. The 
RC7341 and RC73687 dual comparators 
feature a maximum propagation delay 
of 2 nsec and an input range of -4 to 8V. 
The comparators have latched-data 
capability and ECL-compatible outputs 
capable of driving 500. terminated 
lines. Delay dispersion is typically 150 
psec, drift is 4 psec/°C, input-offset 
error is 5 mV, and input bias current is 
typically 10 pA. The 7341 is a window 
comparator; the 73687 features two 
independent devices and is pin-compat- 
ible with the 9687. The 7341 comes in 
16-pin SOICs and 28-pin plastic leaded 
chip carriers (PLCCs); prices start at 
$9.35 (1000). The 73687 comes in 16-pin 
SOICs and 20-pin PLCCs; starting 
price is $5.65. Raytheon Co, Semicon- 
ductor Division, Mountain View, CA. 
(415) 968-9211. Circle No. 438 


Step-up controllers are 90% effi- 
cient over 100-to-one load range. 
The MAX770/771/772/773 family of 
de/de controllers provide high efficien- 
cy for 10-mA to 1A loads. The 770 
through 772 accept input voltages from 
2 to 16V and have preset output volt- 
ages of 5, 12, and 15V, respectively. You 
can also use two resistors to adjust the 
output voltage. These three devices 
comes in 8-pin DIPs and SOICs. The 
773 accepts inputs from 3 to 16.5V and 
comes in a 14-pin DIP and SOICs. 
Prices start at $2.15 (1000). Maxim 
Integrated Products, Sunnyvale, CA. 
(408) 737-7600. Circle No. 439 


El transceiver IC reaches 2 km. 
The LXT318 transceiver connects with 
ISDN primary-rate interfaces and net- 
work-termination units and handles 
cables as long as 2 km. The transceiver 
also incorporates selectable HD3B 
encoding, an adaptive equalizer, timing 


recovery, and a loss-of-signal proces- 
sor. It needs only an external crystal 
for jitter attenuation and a line-cou- 
pling transformer. Cost is $27.54 (1000) 
for the 28-pin DIP, $28.92 for a plastic 
leaded chip-carrier version. Level One 
Communications Inc, Folsom, CA. 
(916) 985-3670. Circle No. 440 


IC pair provides FM LED data link. 
The CXA1781N is an FM modulator 
that puts digital data on an LED beam 
using FSK modulation. A companion 
chip, the CXA1111P/N is an AM/FM- 
radio IC that decodes the LED-trans- 
mitted data. The pair operates over a 
2.6 to 6V supply range and can create 
an IR data link that handles 60 kbps. 
Samples are available; the CXA1781 
costs $12, and the CXA1111 costs $5. 
Production will begin this month, and 
the price will decrease to $10.50 and 
$1.60 (1000), respectively. Sony Com- 
ponent Products Co, Cypress, CA. 
(800) 288-7669. Circle No. 441 


1-Mbit EPROM has 30-nsec access 
time. The IS27HC010 1-Mbit EPROM 
has a 128kxX8-bit organization and is 
available with read-access times of 30, 
35, 45, and 70 nsec. The CMOS chip is 
available in a 600-mil windowed ceram- 
ic package for ease of reprogrammabil- 
ity. The chip also comes in 32-pin plas- 
tic DIP and plastic leaded chip-carrier 
packages for one-time programmabli- 
ty. $13 (100). Integrated Silicon Solu- 
tion Inc, Sunnyvale, CA. (408) 733- 
ATTA, Circle No. 442 


Chip set provides 100-Mbyte/sec 
link. The ATT DA204 and DA205 
transceiver set provides a Fibre Chan- 
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nel physical interface for 100-Mbyte/sec 
data transfers. The pair, fabricated in 
bipolar silicon, consumes <5W when 
operating at 5V. The devices provide 
retiming, transmitting, and receiving 
functions. The 80-pin plastic-quad-flat- 
pack devices will be in production by 
midyear and will cost $170/set (1000). 
AT&T Microelectronics, Allentown, 
PA. (800) 372-2447. Circle No. 443 


Video encoder costs <$10 in vol- 
ume. The Bt851 video encoder accepts 
digital video in the RGB or YCrCb color 
formats and converts it to baseband 
video, composite video, and Y/C (S- 
video) signals. The device includes an 
on-chip voltage reference and four 
DACs. It is pin-configurable, eliminat- 
ing the need for a system processor to 
program the encoder. The device costs 
<$10 in volume and comes in a 68-pin 
plastic leaded chip carrier. Brooktree 
Corp, San Diego, CA. (619) 452-7580. 
Circle No. 444 


PC chip set includes VL-to-PCl 
bridge. The 82C802G core logic, 
82C822 PCI bridge, and 82C602 buffer 
ICs form the core of a 486-based PC 
with power-saving features. The core- 
logic chip contains a DRAM controller, 
a level-2 cache, and a VESA VL-bus 
interface. The bridge IC allows the 
computer to offer a PCI upgrade to the 
VL connection, providing four PCI 
ports and programmable mapping of 
PCI interrupts to ISA interrupts. The 
buffer IC provides power management 
and the real-time clock. The set costs 
$31 (10,000). Opti Inc, Santa Clara, CA. 
(408) 980- 8178. Circle No. 445 


Synchronous 1-Mbit SRAMs are as 
fast as 9 nsec . The MCM67M618 and 
MCM67B618 1-Mbit synchronous 
BurstRAMs for secondary-cache appli- 
cations have access times as fast as 9 
nsec and a 64kX18-bit organization. 
The MCM67M618 operates with the 
PowerPC, and the MCM67B618 oper- 
ates with the Pentium pP. Each version 
supports the specific burst-address 
sequence of the wP and the fastest ver- 
sion of each pP. The 9-nsec versions 
cost $55 (1000). Motorola Inc, Phoenix, 
AZ. (512) 933-4141. Circle No. 446 


120 = EDN April 28, 1994 


INTEGRATED CIRCUITS 


4-Mbit SRAMs have 256k x 16-bit 
organization. The TC554161 4-Mbit 
SRAM has a 256k Xx 16-bit organization. 
The device comes with access times of 
85 and 100 nsec, and 70-nsec versions 
will be available this year. The memory 
has a standby power consumption of 60 
wA while operating at 5V. It minimizes 
noise problems by using pairs of power- 
supply pins. The SRAM provides 
upper- and lower-byte controls to 
accommodate a wP performing 8-bit 
transfers. Sample price is $180. Toshi- 
ba America Electronic Components 
Inc, Irvine, CA. (714) 455-2000. 

Circle No. 447 


Codecs operate from 5 or 3V. 
These 12 codecs incorporate adaptive- 
differential-pulse code compression, 
which doubles the volume of data 
processed in a run of code. The devices 
include an integrated voltage refer- 
ence, employ A- and p-Law encoding, 
and come in switchable versions for cel- 
lular PCM applications. The codecs 
come in TSOPs, and prices begin at 
$4.50 (1000). Oki Semiconductor, Sun- 
nyvale, CA. (800) 664-6388. Circle No. 448 


4-kbit nonvolatile SRAM has 
512X8-bit organization. The STK- 
20C04, a 4-kbit nonvolatile SRAM, is 
pin-compatible with Xicor’s X2004 and 
X20C04 devices. The SRAM is orga- 
nized as 5128 bits and comes in access 
speeds of 30, 35, and 45 nsec. It uses 
Noveel technology, which combines an 
SRAM and an EEPROM in one memo- 
ry cell. The device allows you to write 
or read data to the SRAM an unlimited 
number of times while nonvolatile data 
resides in the EEPROM. A control pin 
allows for easy transfer of data from the 
SRAM to the EEPROM and vice versa. 


A 45-nsec version costs $6.99. Simtek 
Corp, Colorado Springs, CO. (719) 531- 
9444, Circle No. 449 


Mask-programmable ROM con- 
tains 64kx16 bits. The S631024 1- 
Mbit mask-programmable ROM has a 
64k xX 16-bit organization, and its inputs 
and outputs are TTL-compatible. The 
CMOS device operates from a 5V sup- 
ply and is static, so it doesn’t require 
refresh. The device includes 3-state 
outputs that facilitate memory expan- 
sion by allowing the outputs to be wire- 
ORed. $3 (10,000). American Micro- 
systems Inc, Pocatello, ID. (208) 234- 
6668. Circle No. 450 


Bidirectional buffer solves band- 
width-mismatch problems. The 
FCT162701T buffer combines a 4-deep, 
18-bit FIFO buffer in one direction and 
a read-back latch in the other. The 
FIFO buffer can pipeline operations, 
which allows a wP to run without wait 
states and compensate for bus-speed 
mismatches. Two clock-enable pins 
allow data-in and -out to be clocked 
independently. A synchronous reset 
flushes the FIFO buffer. The device has 
two octal transparent latches to mini- 
mize board space. The buffer comes in 
two speeds. Prices start at $3 and $5 
(1000), respectively. Integrated 
Device Technology Inc, Santa Clara, 
CA. (800) 345-7015. Circle No. 451 


Chip set handles 100 VG- AnyLAN. 
The Regatta 100 3-chip set provides a 
transceiver, a media-access controller, 
and a repeater using the 100 VG-Any- 
LAN protocol, recently adopted as 
IEEE 803.12. The chips allow creation 
of hubs and node adapters operating at 
100 Mbps over Category 3 unshielded 
twisted-pair wire, handling Ethernet 
and token-ring data packets. $75 for an 
adapter card set; $285 for a 6-port hub 
set. AT&T Microelectronics, Allen- 
town, PA. (800) 372-2447. Circle No. 452 


4-Mbit synchronous DRAM has 
two banks of 128k x16 bits. The 
HM5241605, a 4-Mbit synchronous 
DRAM, offers two banks of 128kxX16 
bits. The DRAM has a 66-MHz burst 


TestPoint is a software tool 
for building test, measure- 
ment, and data acquisition 
applications for Windows. 
TestPoint lets you build com- 
plete applications without draw- 
ing, connecting, or wiring icons 
or writing lines of code. 


New Capabilities 
TestPoint brings extraordinary 
capability to instrument control 
and data acquisition for the 
benchtop or production line. 
TestPoint's software func- 
tions can replace hard- 
ware functions worth 
thousands of dollars, 
provide new measure- 
ment capabilities and 
simplify testing. 


Better Tests 
Sharp graphics and clear indica- 
tors eliminate errors and improve 
accuracy. 


Cut Through the Paperwork 
TestPoint can "hot link" to your 
spreadsheets, databases and 
word processing files so the 
paperwork is done the instant the 
test Is finished. 

There is no faster, better or 
easier way to build applica- 
tions. Guaranteed! 
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Development System $995 
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data rate and provides a bandwidth of 
132 Mbytes/sec. The part has a pro- 
grammable burst length as long as a 
full page, burst stop, byte control, auto 
and self refresh, and sequential or 
interleave burst-sequence operation. 
$29.50 (100). Hitachi America Ltd, 
Semiconductor & IC. Division, Bris- 
bane, CA. (800) 285-1601, ext 11. 

Circle No. 453 


SCSI adapter chip supports EISA 
and ISA buses. The FAS408 is a 16-bit 
EISA- or ISA-bus-compatible host 
adapter that supports 10-Mbyte/sec 
Fast SCSI-2 specifications. The chip 
provides a glueless port, which con- 
nects directly to the AT bus, eliminat- 
ing the use of a separate card slot. The 
device comes in a 100-lead plastic quad 
flatpack and includes support logic for 
an external BIOS ROM and a floppy 
controller; transceivers for direct con- 
nection to the host bus; and 24-mA dri- 
vers and receivers. $22 (1000). QLogic 
Corp, Costa Mesa, CA. (714) 488-2200. 

Circle No. 454 


Transmitter/receiver pair sup- 
ports Fibre Channel. The S2032 and 
$2038 transmitter/receiver pair for the 
ANSI X8T9.3 Fibre Channel standard 
handle the physical, transmission, and 
signaling protocols of the optical link 
but dispenses with the encoding and 
laser-drive circuits to reduce costs. The 
devices cost $35 to $49, depending on 
performance. AMCC, San Diego, CA. 
(619) 450-9333. Circle No. 455 


Reverse-blocking switch replaces 
MOSFETs and drive circuitry. The 
Si9718CY allows a computer to switch 
from one dual-battery pack to another 
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before battery cells are completely dis- 
charged. The IC’s reverse-blocking 
component eliminates the parasitic 
diode common to standard MOSFETs, 
thereby reducing parts count and on- 
resistance. Rated at 80 mY and 3.5A, 
the device also includes charge-pump, 
enable, and undervoltage-lockout cir- 
cuitry. The IC operates over a 6 to 18V 
range. In a 16-pin SOIC, the device 
costs $2.59 (100,000). Siliconix, Santa 
Clara, CA. (800) 554-5565, ext 18. 

Circle No. 456 


PClI-based graphics chip offers GUI 
acceleration. The DECchip 21030 for 
use with Pentium and Alpha AXP 
processors uses the PCI bus for a high- 
bandwidth interface. The device han- 
dles resolutions as high as 16001280 
pixels at 24 bits and offers a 64-bit 
video-memory port. It also includes cir- 
cuits to accelerate 3-D graphics. Price 
is $59.80 (5000). The vendor also plans 
to offer an evaluation-board kit for the 
chip. Digital Equipment Corp, May- 
nard, MA. (800) 382-2717. Circle No. 457 


HDSL transceiver goes all-digital. 
The Bt8952 transceiver provides all the 
circuitry to adapt standard telephone 
wiring to a 1.5-Mbps digital data link 
using the HDSL protocol. The device 
includes 13-bit ADC and DAC circuits 
and 120-tap digital-adaptive echo can- 
cellation and equalization filters. It 
handles various data rates, including 
multiples of 64 kbps, to a top speed of 
1.168 kbps. Price is $37 (1000). Brook- 
tree Corp, San Diego, CA. (619) 452- 
7580. Circle No. 458 


Wireless IC combines transmitter 
and mixer. Combining a transmitter 
and a double-balanced Gilbert Cell 
mixer, the PMB 2206 IC converts a 
baseband signal into an RF carrier. The 
device uses two on-chip local oscillators 
and produces a carrier frequency as 
high as 2 GHz. It consumes 40 mA in 
operation and needs only 0.15 pA in 
power-down mode. Price is $5.25 
(10,000). The device is available for 
sampling now, and the company plans 
production for the third quarter. 
Siemens Components, Cupertino, CA. 
(800) 777-4363, ext 273. Circle No. 459 


MOSFET drivers replace discretes. 
The TC1410 to 1418 family of MOSFET 
drivers includes four devices with peak 
output currents of 0.5, 1,2, and 3A. The 
CMOS devices withstand 500 mA of 
reverse current and negative inputs up 
to 5V. Typical delay time is 35 nsec, and 
typical supply current is 1 mA. The 
operating range is 4.5 to 16V. All 
devices are available in inverting and 
noninverting versions. The devices 
come in 8-pin DIPs and SOICs; prices 
range from $0.43 to $0.77 (100). Tel- 
Com Semiconductor Inc, Mountain 
View, CA. (415) 968-9241. Circle No. 460 


PWM controller automates pow- 
er-factor correction. The ML4824 
implements current- or voltage-mode 
“boost”-type power-factor correction 
along with a synchronized current- 
mode PWM circuit. The IC’s internal 
oscillator operates at 500 kHz, which 
enables it to improve conversion effi- 
ciency from 89 to 95%. The chip 
increases a computer’s power-factor 
rating from 0.65 to 0.99. In a typical 
application, the IC converts 120V ac 
into 5V de, but it also can produce any 
de voltage from 3 to 90V. In a 16-pin 
plastic DIP, the IC costs $3.80 (1000). 
Micro Linear Corp, San Jose, CA. (408) 
433-5200. Circle No. 461 


ATM chip uses copper wire. The 
ML6672 chip sends and receives asyn- 
chronous-transfer-mode (ATM) proto- 
cols over unshielded twisted-pair cop- 
per wire. The copper wire replaces 
more expensive fiber-optic links. The 
allows users to share information 
among workstations and PCs at 155 
Mbps and at distances as long as 100m. 
$20 (1000). Micro Linear Corp, San 
Jose, CA. (408) 433-5200. Circle No. 460 
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It all adds up. Your denser circuit designs and higher multilayer chip and ferrite chip EMI filters, ferrite chip 
performance requirements combined with TDK’s unique EMI suppressors and suppressor arrays, multilayer chip 
ability to prevent unwanted electromagnetic interference impeders, leadless EMI filters, and leadless line chokes, to 
through its complete line of EMC products. name a few. TDK also produces a wide selection of leaded 


Applying its original technology in ferrite, ceramic capacitors and cased EMI prevention components. 


and other materials, TDK had developed a variety of surface When you add TDK to the design equation, it adds up to 
mount “noise” prevention components. These range from increased reliability — with interference cancelling out! 
signal line to power supply line applications and include Call or write TDK today for a free catalog. 


TDK. 


TDK CORPORATION OF AMERICA 1600 Feehanville Drive, Mount Prospect, IL 60056, USA Phone: 708-803-6100 INDIANAPOLIS Phone: 317-872-0370 NEW 
YORK Phone: 908-494-0100 SAN FRANCISCO Phone: 408-437-9585 LOS ANGELES Phone: 310-539-6631 DETROIT Phone: 313-462-1210 BOSTON Phone: 
908-624-4262 HUNTSVILLE Phone: 205-464-0222 GREENSBORO Phone: 919-292-0012 DALLAS Phone: 214-506-9800 

GERMANY > FRANCE: ITALY - U.K.» KOREA* TAIWAN * HONG KONG: SINGAPORE: THAILAND: CHINA> BRAZIL TDK CORPORATION Tokyo, Japan 


CEL, TDK’s Component Engineering Laboratory in Torrance, CA, can custom design and test manufacture TDK EMI/RFI suppression components to meet 
your specific requirements. For more information, call (213) 530-9397 
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SAATCHI & SAATCHI BUSINESS COMMUNICATIONS GROUP 


is a registered trademark. 


When it comes to performance, e 42 MHz (and faster !) clock speed, * ROM size from 4K to 32K 


our Intel® licensed 8-bit ¢ low supply voltage (2.7 V) (80C51/52/154/154 D), 
microcontrollers can help that gives you the design leadin »¢ commercial, industrial, 
you win big... portable applications, automotive, military and 

¢ powerful program encryption even radiation-tolerant space 
No wonder we supply and hardware locks that grades available, 
millions of 80C51-family protect your competitive edge, ¢ quality you depend on 
microcontrollers to the world's ¢ software-readable secret (ISO 9001). 
most demanding customers tags for user ID and terminal 
every month. We've taken applications, The MHS 80C51 microcontroller 
a popular performer and ¢ 1.0 & 1.4 mm thin packages family. Because in this game, 
given it impressive new for PCMCIA applications, you play to win. 
powers. * a wide range of thin surface For more, call us today at: 


mount packages and probed dice, 1-800-554-5565, ext. 922 


TEMIC 


A Company of AEG and Deutsche Aerospace 
within the Daimler-Benz Group 


Members of the TEMIC Semiconductor Division : Telefunken Semiconductors, Siliconix, Matra MHS, Dialog Semiconductor 


TEMIC Sales Offices 

FRANCE: Tel. (33) 1-30 60 71 08 - GERMANY : Tel. (49) 7131 67-0 - ITALY : Tel. (39) 2-332 121 
SCANDINAVIA : Tel. (46) 8-733-0090 - UNITED KINGDOM : Tel. (44) 344-485757 

HONG KONG : Tel. (852) 378-9789 - JAPAN : Tel. (81) 3-5562-3321 

USA : 2201 Laurelwood Road, Santa Clara, CA 95056 - Tel. (408) 748-93 62 - Fax : (408) 748-04 39 
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Boards offer upgrade to 68060 


With the release of Motorola’s 68060 Nitro60, has its 8- or 16-Mbyte 2-way boards occurs in the area of software 


processor, a number of vendors are 
planning to develop single-board com- 
puters using the device (EDN, 
“News Breaks,” April 28, 1994, 
pg 13). Two boards—one from 
Heurikon Corp and the other 
from Motorola’s Computer 
Group—that will enter produc- 
tion in July are among the first 
available 68060-based VME 
boards. 

The boards have a number of 
common features. They both use a 
VME64 interface to connect the 
50-MHz 68060 to the bus, and 
they both offer SCSI-2, Ethernet, 
and serial interfaces. They also 


reconfigurable program data, and 
space for PROMs. Although the 
features are similar, however, the 
two boards differ considerably in 
the details, as the table shows. 

One difference is the structure 
of main memory. The Motorola 
board, designated the MVME177, 
has its DRAM on a 4-way-inter- 
leaved mezzanine board that can be as 
large as 256 Mbytes. Because it is on a 
separate board, the memory section can 
offer error-correction coding. 

The Heurikon board, called the 


DRAM 
(Mbytes) 


SRAM 128 2 
(kbytes) 


EPROM 
SCSI-2 


Ethernet Ye 


Parallel port 


Base price 


interleaved main memory on board. 
The device also offers a mezzanine-bus 


68060-BASED VME BOARDS 


Heurikon 
Nitro60 


8 to 16 


Motorola 
MVME177 


4 to 256 
(error corrected) 


(battery backed) 


Fiash memory | 4 4 
(Mbytes) 


Two sockets 
16-bit 


Ss Yes 


9) 


Serial ports Four Two 


(64 kbps) (1 Mbps) 


No 


$4995 $5495 


connector for its Corebus expansion 
structure. The mezzanine bus can hold 
additional memory or can provide addi- 
tional I/O capability. 

Another difference between the 


(nonvolatile) 


(512 kbytes used) 


To 512 kbytes 


support. Motorola offers the Unix Sys- 
tem/68 operating system and the VME- 
exec real-time development pack- 
age. Heurikon offers both the 
VxWorks and OS-9 operating sys- 
tems. It also includes an onboard 
monitor program and test soft- 
ware, residing in 512 kbytes of 
flash memory. 

Although the 68060-based 
boards won’t be available until 
midyear, designers have the 
opportunity of testing code on 
functionally identical, if slower, 
68040-based boards. The 
MVME177 is software- and 
pinout-compatible with the 
already-available MVME147S, 
162, and 167 boards. The 177 
offers the same features as the 
MVME167, allowing users of the 
earlier board to make a simple 
board substitution to achieve 
three times better performance. 
The Nitro60 also has a pin-com- 
patible 68040-based relative, the 
Nitro40 ($4995).—Richard A Quinnell 
Heurikon Corp, Madison, WI. (608) 831- 
0900. Circle No. 416 

Motorola Computer Group, Tempe, 
AZ. (800) 759-1107, ext 77. Circle No. 417 


Expansion module adds GPIB 
interface. The EXM-GPIB expansion 
module provides IEFEE-488.2 interface 
capability to RadiSys computer mod- 
ules with EXM expansion slots. The 
module offers complete IREE-488.2 
controller, talker, and listener capabili- 
ties. It operates at bus data rates 
greater than 1 Mbyte/sec and includes 
driver software for Windows and DOS. 
$695. National Instruments, Austin, 
TX. (512) 794-0100. Circle No. 418 


Power-output board offers optical 
isolation. Each of the four indepen- 
dent output channels on the DVME-621 
board is driven by a 12-bit DAC that is 
optically isolated from the board’s data 
bus and powered by a fully isolated 
de/de converter. Output channels pro- 
vide +100 mA over a range of +11V in 
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any of these products. 


voltage mode or can source or sink 160 
mA in current mode. Settling time on 
the DACs is 11 psec. The board costs 
$1995 and occupies a double-height 6U 
VME slot. Datel Inc, Mansfield, MA. 
(508) 339-3000. Circle No. 419 


Module drives high-resolution flat 
panels. The MiniModule/VGA-FP 
provides a variety of display formats, 
including VESA, VGA, and Hercules 
monochrome. The PC/104 board drives 
both CRT and flat-panel displays at a 
maximum resolution of 1024768 pix- 
els. It can provide 256 colors on CRTs or 
color LCDs and converts color to gray 


scale for monochrome LCDs. It includes 
a programmable video BIOS and 
onboard EEPROM to help match the 
board to the LCD panel’s timing needs. 
$255 (100). Ampro Computers Inc, 
Sunnyvale, CA. (408) 522-2100. 

® Circle No. 420 


Board adds SVGA to 68030 com- 
puter. The GMS SVGA combines a 
local-bus SVGA module with a 68030- 
or 68040-based embedded computer. 
The board may have a VME interface or 
run independently. The display section 
drives both LCD and CRT displays 
simultaneously. The computer section 
boasts high-speed memory, allowing as 
much as 32 Mbytes of 2-way interleaved 
DRAM. From $1890. General Micro 
Systems, Rancho Cucamonga, CA. 
(909) 980-4863. Circle No. 421 
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CONDITIO 


DC OUTPUTS 
24 to 300V available ? 
“a (including 28V, 48V, 155V, 270V) 
AC INPUTS 
1 and 36 available 


B Series 


IDEAL FOR USE 
WITH DISTRIBUTED POWER 
DC-DC CONVERTERS AND SYSTEMS 


Features include 600 watt low profile 2” 

high package; lightweight, unpotted designs; 
environmental performance to Mil-Std-810D; -55°C 
to +85°C operation without derating; extended MTBF 
greater than 350,000 hours... 


Call toll free for additional technical information _ 
and application assistance 1-800-421-8181 (in California 805/484-4221 


ARNOLD MAGNETICS 


ARNOLD MAGNETICS CORPORATION 


4000 Via Pescador, Camarillo, California 93012 « Phone: (805) 484-4221 e Fax: (805) 484-4113 
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Adapter brings FDDI to VME64. 
The PT-VME602 FDDI node adapter 
uses unshielded twisted-pair wire for 
LAN communications at 100 Mbps. The 
adapter provides a VME64 bus inter- 
face and offers bus buffering to decou- 
ple the LAN from the bus. The board 
uses a 25-MHz Mips LR33000 processor 
to handle network-protocol processing 
and to run start-up diagnostics. The 
board costs $2476 (100) for a single- 
attach FDDI interface. Dual-attach sta- 
tion configurations are also available. 
Performance Computer, Rochester, 
NY. (716) 256-0200. Circle No. 422 


VME repeater power-isolates 
slave chassis. The VMIVME-5504L 
repeater link uses a single master 
board connected to as many as 16 slave 
boards with a single cable assembly. 
The link supports automatic slave 
resets on power-up or on master power- 
up, allowing the slave chassis to power 
independently of the master chassis. 
Master board, $750; slave, $876. Com- 
plete links, including cables, $1585 for a 
10-ft link; $2277 for a 50-ft link. VMIC, 
Huntsville, AL. (205) 880-0444. 

Circle No. 423 


VME boards allow PCI expansion. 
The AXPvme board series operates 
with the Alpha AXP processor as the 
core CPU with a PCI bus for peripher- 
al attachment. The AXPvme64 is a sin- 
gle-slot 6U board ($3495) with a 64- 
MHz CPU, 256-kbyte cache, and 
Ethernet and SCSI-2 interfaces. The 
AXPvme64LC, which is missing the 
cache and SCSI interface, is a low-cost 
version ($2995). The AXPvmel160 is a 


BOARDS AND BUSES 


double-height 6U board ($4995) with a 
160-MHz CPU, 256-kbyte cache, and 
Ethernet and SCSI-2 interfaces. The 
boards use a 82-MHz PCI bus for all 
CPU-to-peripheral interfaces, includ- 
ing the VME interface; they offer a PCI 
mezzanine option card for additional 
I/O expansion. Samples in June; pro- 
duction in August. Digital Equipment 
Corp, Maynard, MA. (508) 897-5111. 
Circle No. 424 


For passive component measurement, 
the new standards in value are the 
SR720/715 LCR meters from SRS. 


Meters that offer significant advantages + 
in performance and price. Performance 

like .05% basic accuracy, 100 kHz test 
frequency, and fast measurement rates 

up to 20 per second. Features like a ° 
built in Kelvin fixture, averaging, binning «+ 
and limits, stored setups, and quick cal- + 
ibration. With the standard RS232 and 
optional GPIB and Handler interfaces, + 
the SR720/715 solves your incoming in-  « 
spection and automated test needs. All 
for a price well below what you'd expect. 


Call (408)744-9040 today for more 
information. 


ABSOLUTE VALUE. 


SBus extender offers simplicity. 
The Model SBus XB2-P/R board pro- 
vides a passive multilayer bus exten- 
sion with a signal line impedance of 
750. The board offers test points for 
monitoring each SBus signal but lacks 
cost-adding special features. The board 
costs $195 and is available with either 
parallel or right-angle extension con- 
nectors. Dawn VME Products, Fre- 
mont, CA. (510) 657-4444. Circle No. 425 


High performance LCR meters from SRS. 
Absolutely lowest price. Starting at $995 


SR720 


¢ 0.05% basic accuracy 

* 100 Hz to 100 KHz measurement frequency 
Two 5 digit displays for simultaneous readout of 
major and minor parameters. 

Auto, R+Q, L+Q, C+D, C+R, Series and Parallel 
measurement modes 

100 mV to 1.0 V test signals 

Internal and External Bias 

Binning and Limits for production testing and 
component inspection. 

RS232 interface 

GPIB and Handler interface (optional) 


SR715 
Same as SR720 except: 


¢ 0.2% basic accuracy 
¢ 100 Hz to 10 KHz measurement frequency 


STANFORD RESEARCH SYSTEMS 


1290 D Reamwood Avenue, Sunnyvale, CA 94089 
TEL (408)744-9040 FAX 4087449049 


$1995 


$995 
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HOW MUCH BOARDS AND BUSES 

CALCULATING Expansion modules add to EMC 
line. The embedded module computer 
POWER IS (EMC) line has five new ecards in its 
IN NEW ULTRA-MINTAT URE | EXM expansion module offerings as 
MATHCA 0. well as two chassis. The modules are the 
CAD PLUS 5.0 EXM-23 LCD controller ($247), the 
BUT ONLY EXM-19 24-line optoisolated digital I/O 
SLIGHTLY port ($179), the EXM-24 8-port RS- 


232C interface ($825), the EXM-28 Arc- 
net networking interface ($208), and 
the EXM-29 dual RS-422/485 port. The 
EMC-CH10D chassis ($213) holds 10 
EXM ecards and connects to a floppy 
disk and power supply. The EMC- 
CH6AT ($950) holds six EXM cards and 
a ISA bus card slot. RadiSys Corp, 
Beaverton, OR. (508) 646-1800. 

Circle No. 426 
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Manufactured and tested 
to MIL-T-27 

F Local-bus SVGA comes to STD. The 
nat requenicy range zVid2 SVGA and flat-panel controller 
notation anywhere \ 20 Hz to 250 KHz operates on a 486 processor’s local bus 
sheet. Adda 7 tr Available from Oe micah eens on os 
in 2-D and 3-D, P computer board. The graphics 
instantly update answe int 100 milliwatts to 3 watts module contains 1 Mbyte of memory 
results in presentation-quality documents. Impedance from 20 ohms _| and supports a CRT resolution of 
Best of all, Mathcad PLUS 5.0 is more to 100 K ohms 1280 X1024X16 bits interlaced. The 
powerful than spreadsheets or calculators . module also drives most monochrome 
and easier than programming languages. Oper. ating temperature and color flat-panel displays and can be 
And that’s no exaggeration, either. -55°C to +130°C shared by several processors in a star 
piri dace: 9.0 . $299.95 e Call Low profile _2" ht. configuration. Adapter board, $475. 
now for more information, or mail or fax Ziatech Corp, San Luis Obispo, CA. 
the coupon below. (805) 541-0488, Circle No. 427 


Call: 1-800-967-5075 © Fax: (716) 873-0906 


\FREE postgres PLUS 5. io laa hahaa KIT, 
t t e e e 
eT MaIGEE A hE CuaOR B4ek GPS receiver fits in 3U VME card. 


The DGPS is a low-power 83U VME 

module that contains a complete GPS 

Compaty? Goukwigee na aye a receiver. The receiver can track six of 

eight available satellites and automati- 

cally selects among the eight to obtain 

the most accurate position and velocity 

See EEM | 4.12. Connection to the receiver data is 
Sees or send direct : 

for Free PICO Catalog. made through a serial port. The module 

also provides a 1-pulse/sec timing sig- 


Name Title 


Address 


City 


pene Call tolt ioe nal accurate to 1 wsee and a universal 
MathSoft, Inc. P.O. Box 1018, Cambridge, MA 02142-1519 USA in NY call 914-699-5514 | * ee vee 
Phone: 1-800-967-5075 © Fax: 716-873-0906 FAX 914-699-5565 | time code. The module comes with a 
MathSoft Europe, P.0. Box 58, Livingston, UK EH54 7AE P : 

Phone: +44.506.460373 © Fax: +44.506.460374 microstrip antenna. $1092 (OEM qty). 
© 1994 eee and ® ae manufacturers trademark or Dynatem, Mission Viejo CA. (714) 855- 

registered trademark respectively. * Dealer price may vary. ’ ‘ 
453 N. MacQuesten Pkwy., Mt. Vernon, N.Y. 10552 | 3295. Circle No. 428 
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WELCOME 
TO THE 
SUBMICRON 
WORLD OF 
COMPASS 
DESIGN 


One million gates. Four million transistors. 
All in 0.35 technology. 


Sound like the future? Hardly. That's the kind 
of design that companies worldwide are achieving 
with COMPASS’ new generation of IC design tools. 


Only COMPASS provides a seamless graphical 
specification and synthesis environment that inte- 
grates logic design, physical design, libraries and 
library development tools. Others make this claim 
but it’s no secret they built their product line by 


acquiring technologies to fill in design “holes.” 


COMPASS tools were built from the top down. 
.o You get everything you need from one company, 
te) . Ne | 3 at one time. And all COMPASS tools are designed 
Bay eee : to work with the foundry of your choice. 


Say good-bye to yesterday's mix-and-match 
design tools, endless hours of integration and empty 
promises. Say hello to tightly integrated tools that 

: speed you from concept through synthesis, layout, 
al : verification and silicon. Break through today’s design 
| : 3 barriers — into the future of submicron design. 


Call 1-800-433-4880 for more infor- 
mation on COMPASS design tools. 
The shape of things to come. 


Design Automation 


CIRCLE NO. 111 


Synthesis to Silicon 
COMPASS Design Automation, 
1865 Lundy Avenue, San Jose, CA 95131 
© 1994 COMPASS Design Automation, Inc. 
The COMPASS logo is a registered trademar] 
of COMPASS Design Automation, Inc. 
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ELECTRONIC DESIGN AUTOMATION 
Design tools smooth synthesis-to-layout path 


As part of a 5-year alliance, LSI Logic 
and Synopsys have been working 
together to keep their high-level 
design-automation methodology work- 
ing smoothly. In theory, the concept is 
simple: Design at a high level using a 
hardware description language (HDL), 
verify the design using simulation, syn- 
thesize the design for your desired tar- 
get ASIC, send the design off to the 
ASIC foundry for layout, and perform a 
postlayout check to ensure everything 
still works. 

In reality, you may find timing prob- 
lems during what (you hoped) would be 
the final postlayout timing check. Fast 
submicron processes coupled with large 
designs are making this problem 
painfully obvious. Although submicron 
designs offer short gate-propagation 
delays, the finer geometry increases 
interconnect resistance and, with it, 
interconnect delays. The timing prob- 
lem is aggravated further by large 
designs, where some interconnects may 
be extremely long. At the postlayout 
stage, it’s difficult to affect design tim- 
ing without going back to the layout or 
logic-synthesis stage. 

Synopsys offers an in-place optimiza- 
tion capability that lets you swap func- 
tionally equivalent cells for higher or 
lower drive versions. In-place optimiza- 
tion minimizes the effect on your layout 
and can fix small timing problems 
(where delays are outside the specifica- 
tion by only 10 to 15%). 

For time delays that exceed the speci- 
fication by more than 15%, the next step 
is to push the problem back on layout 
tools. Synthesis tools generate timing 
estimates when they synthesize logic 
and pass timing data forward to layout 


Universal Testbench reduces time 
spent in VHDL test-vector prepara- 
tion. Universal Testbench eliminates 
the need to write VHDL code to handle 
test-vector input and output. The tool 
can automatically capture test vectors 
you create during interactive-simula- 
tion sessions and archive them for later 
use. The software can also translate 
stimulus files to a format compatible 
with IC test equipment. Universal Test- 
bench costs $8000. Vantage Analysis 
Systems Inc, Fremont, CA. (510) 659- 
0901. Circle No. 398 


tools. Synopsys’ Design Compiler pro- 
vides Standard Delay File (SDF) For- 
mat timing data; LSI Logic’s C-MDE 
Design System accepts the SDF timing 
information to produce a correct-by-con- 
struction, timing-driven layout. 
Timing-driven layout tools can go 
just so far in resolving timing problems. 
If the logic-synthesis tool creates a 
design based on unrealistic intercon- 
nect delays, the layout tool probably 
doesn’t meet timing requirements. 
Floor planners provide another aid in 
getting from logic design to physical 
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At the postlayout 
stage, it’s tough to 
affect design timing without 

reverting to layout or logic 
synthesis. 


layout. They help you arrive at a cell 
placement that should minimize timing 
problems. However, timing problems 
whose roots lay in the logic-synthesis 
stage eventually must be resolved in 
logic design. 

Synopsys has attacked the timing 
problem in several ways. First, the com- 
pany has worked with LSI Logic to use 
accurate nonlinear delay modeling in 
the synthesis process. The delay models 
consider the effects of input transitions 
and output loads on interconnect delays. 
LSI’s wire-load models now include 
area and resistance information. 

Second, a synthesis tool that is opti- 
mizing for area and timing may end up 
using too many dense fast cells, leaving 
insufficient routing channels. LSI 
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Free design estimator compares 
the advantages of EPLDs. The Logic 
Professor compares Xilinx EPLDs as a 
replacement for TTL and other PLDs. 
You enter the design specifications, and 
the software estimates the number and 
type of EPLDs you need to perform the 
task. Xilinx Inc, San Jose, CA. (800) 
231-3386. Circle No. 399 


Logic provides routability data in its 
libraries based on feedthrough per unit 
of cell area, and Synopsys’ Design Com- 
piler 3.1 accepts routability as a criteri- 
on for optimization by synthesis. 
Third, Synopsys developed a tool 
called the Floorplan Manager that pro- 
vides a bidirectional link between the 
company’s logic-synthesis tools and 
floor planners. The tool uses cell-clus- 
tering information, for example, the 
data passed from LSI’s floor planner 
via'the Physical Design Exchange For- 
mat (PDEF), to calculate accurate wire 
delays. The tool then optimizes the 
design based on the physical hierarchy. 
According to Synopsys, in recent 
tests the Floorplan Manager took a 
design typically having 80 to 100 post- 
layout-timing violations and reduced 
violations to fewer than 10. In one case, 
Floorplan Manager dropped postlayout 
timing violations from 300 to zero. 
Although not always able to eliminate 
design iterations, Floorplan Manager 
can significantly reduce iterations. 
Floorplan Manager costs $40,000. 
LSI Logie’s C-MDE Design System 
version 2.2, which supports timing-dri- 
ven layout, is shipping now. C-MDE 
version 2.3 supports Floorplan Manag- 
er and should ship by July. The C-MDE 
Design System costs $45,000. Six Syn- 
opsys-optimized LSI Logic libraries 
are available now; three more will be 
available by the third quarter. The 
libraries cost $5000 per technology. 
Synopsys’ Design Compiler costs 
$65,000.—Doug Conner 
LSI Logic, Milpitas, CA. (408) 483-8000. 
Circle No. 396 
Synopsys Inc, Mountain View, CA. 
(415) 962-5000. Circle No. 397 


Verify FPGA designs with a VHDL 
simulator. The VBAK VHDL simula- 
tor lets you back-annotate timing data 
to verify your field-programmable gate- 
array (FPGA) design. VBAK lets you 
put the gate-level timing information 
back into your VHDL model, allowing 
you to stay with a VHDL simulator 
throughout the FPGA-design process. 
VBAK costs $1995 for PCs and $6995 
for Sun workstations. The initial release 
works with Xilinx FPGAs. Topdown 
Design Solutions Inc, Nashua, NH. 
(603) 888-8811. Circle No 400 
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EDA tool targets high-speed 
analysis problems. The Maxwell SI 
Eminence software tool analyzes sig- 
nal-integrity, EMI, and electromagnet- 
ic-compatibility problems. It runs on 
workstations and costs $49,900. The 
tool comes with Maxwell SI Extractor, 
which generates models for simulating 
2- and 3-D physical interconnects. 
Maxwell SI Extractor alone costs 
$19,900. Ansoft Corp, Pittsburgh, PA. 
(412) 261-3200. Circle No. 401 


Module aids design of high-speed 
communication systems. The 
Frame Relay Cloud module for the 
Bones product family of network-per- 
formance-analysis tools provides high- 
speed multiplexed data transfer in pub- 
lic and private networks. The 
parameter-based module library lets 
you determine the number of perma- 
nent virtual circuits and committed 
information rates you need to meet 
transaction-response requirements. 
The Frame Relay Cloud module costs 
$4000. Comdisco Systems Inc, Foster 
City, CA. (415) 574-5800. Circle No. 402 
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Parasitics extractor creates mod- 
els for 3-D structures. The Greenfield 
3d parasitics-extractor software pack- 
age lets you model pc boards, connec- 
tors, cables, and IC packages by 
extracting the LCR parameters. The 
software creates a Spice model of the 8- 
D structure for simulation on any 
Spice-compatible simulator. Prices for 
Greenfield 3d start at $20,000. Quantic 
Laboratories Inc, Winnipeg, MB, 
Canada. (204) 942-4000. Circle No. 403 


Integrated FPGA- and PLD-design 
tool adds new device support. The 
Synario device-independent PLD- 
design tool now provides synthesis and 
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fitting for Altera’s Classic, Max 5000, 
Max 7000, and Flex 8000 families; it 
also supports AMD Mach devices, 
including the Mach 485. Synario prices 
start at $2995. Prices for the Altera 
device kits start at $495, and the AMD 
Mach device kits cost $995. Data I/O, 
Redmond, WA. (206) 881-6444. 

Circle No. 404 


Verilog simulator runs on PC, Mac- 
intosh, and SPARCstation. The Veri- 
Well simulator, originally for PC-based 
Verilog simulation, is now available for 
Apple Macintosh and Sun SPARC com- 
puters. The company claims the simu- 
lator is compatible with Cadence’s Ver- 
ilog-XL simulator. VeriWell/Mac costs 
$1495; VeriWell/SPARC, $2995. Well- 
spring Solutions Inc, Sutton, MA. 
(508) 865-7271. Circle No. 405 


Graphics-based design tool for 
programmable logic. Based on 
VHDL, Warp 3 uses graphical tools for 
design entry, timing verification and 
analysis, and waveform simulation. The 
software is built around Viewlogic’s 
Powerview and Workview Plus design- 
tool frameworks. You can mix VHDL 
and schematic design descriptions. The 
software translates the entire design 
into VHDL and then synthesizes it to 
one of the company’s PLDs. The soft- 
ware costs $4995 for use on PCs under 
Windows and $7495 for use on Sun 
workstations. Cypress Semiconduc- 
tor, San Jose, CA. (408) 943-2600. 

Circle No. 406 


VHDL-based simulator offers ana- 
log and mixed-signal simulations. 
The HDL-A VHDL-based analog 
behavioral simulator works with the 
vendor’s Eldo simulator. The program 
lets you create analog and mixed-signal 
simulations. The company also offers a 
digital VHDL simulator (HDL-D), and 
you can connect the simulation to vari- 
ous logic simulators. HDL-A costs 
$30,000. Anacad EES, Milpitas, CA. 
(408) 954-0600. Circle No. 407 


PLD-design tool offers schematic- 
or text-based design. The PLD 386+ 
2.00 design tool lets you create PLD 


designs using the vendor’s SDT 386+, 
OHDL hardware-design language, or a 
combination of the two. The tool syn- 
thesizes a design from the description 
and fits it into any of the more than 1000 
PLDs. PLD 386+ 2.00 includes PLD fit- 
ters. $1895. OrCAD, Beaverton, OR. 
(503) 671-9500. Circle No. 408 


Program allows graphic creation 
of state diagrams. StateCAD, run- 
ning under Microsoft Windows, lets you 
graphically create state diagrams for 
PLDs and field-programmable gate 
arrays. The software then generates 
ABEL-HDL code to represent the state 
diagram. The software costs $995. Data 
I/O, Redmond, WA. (206) 881-6444. 

Circle No. 409 


SHORTS _ 


Mitsubishi supports Sunrise test 
tools for ASIC and embedded cell 
design. Mitsubishi Electronics 
America Inc, (408) 730-5900. 

Circle No. 410 


Compass plans to become an OEM 
for Ikos’s Voyager-VS VHDL simu- 
lator and integrate it with the ASIC 
Navigator top-down design tool for 
ICs. Ikos Systems Inc, (408) 255- 
4567. Circle No. 411 


The LPKF Model 918 pc-board pro- 
totyping system mills out pe boards 


without using chemicals and costs 
$9980. LPKF, (503) 645-0240. 
Circle No. 412 


Sunrise Test System’s TestGen 
family of test-generation and analy- 
sis tools now provides library and 
foundry support for Fujitsu gate 
arrays. Sunrise Test Systems Inc, 
(408) 980-7600. Circle No. 413 


TT Hi a Hi 1H — pi HY TH pn He PRET: ii i Hai Fe HEE HR Hh Rr 
i i... i... i... § = ss. 


Hypersignal for Windows Advanced 
Transmission Library provides 
design and analysis blocks for radio, 
wireline, and fiber-optic transmis- 
sion systems. The library costs 
$1495. Hyperception, (214) 343- | 
8525. Circle No. 414 | 
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So turn it up. Use your credit card to order — 
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the DS-750 today. We'll also send you more infor- _ 
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their heads, you could win the Camaro or a 
coloror monochrome laptop computer. 
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Se. 7 Exposition & Symposium 


ms ... featuring the latest Digital Signal 
Processing applications and technology 


June 13-15, 1994 
Moscone Convention Center 
San Francisco, California USA 


What is DSPX? 
An Exposition and Symposium featuring the latest digital signal 
processing applications and technologies...state-of-the-art DSP 
products, systems & services with a focus on commercial uses. 


Who should attend DSP*? 


DSPX is for anyone who needs to know what's available and 
how to use it...for anyone who needs to make educated 
decisions to keep up and stay ahead: 


Analog Systems Engineers/Designer ¢ Product Champions 

Design Engineers ¢ Product Managers ¢ Digital Systems 

Engineers/Designers ¢ Product Planners ¢® Engineering 
Managers ¢ Sales Engineers ® Marketing Managers 
Senior Managers ® Systems Developers 
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Why should you attend DSP? 
DSP is out of the lab and now in the mainstream. Once limited to 
| only a few industries, DSP is being integrated into everything from 
i } consumer electronics to communications systems. The possibilities are 


22 
yf limitless. It’s no longer a question of whether DSP will be part of your 
i f i : 
Boy product...it’s only a question of when. 
, 


What makes DSP different? 


Focusing on the needs-of the commercial market, DSP* presents real world solutions 
and applications for real world problems and challenges. 


_] Please send me information on attending the Conference. 


> < : _] Please send me information on attending the Exposition. 
B, _] Please send me information on exhibiting. 
Exposition & Symposium 
...featuring the latest Digital Signal Name 
Processing applications and technology 
Title 
AiYEs! oo 
sd Address 
| want to learn City 
UCR eet a te ZA 
more about DSP*! 
Telephone Fax 


Mail to: DSP*, PO Box 3833-999 Summer St., Stamford, CT 06905-0833 
Managed and produced by Reed Exhibition Companies. Fax to: (203) 352-8336 XNA 
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This advertising is for new and current products. 


Please circle Reader Service number 
for additional information from manutacturers.. 


ROMiT 


eee. 
EPROM EMULATION SYSTEM 


The Most Flexible 
EPROM Emulator 
You Can Get Today 


* Emulates up to eight * Accepts Intel Hex, 
4-Megabit EPROMS through Motorola S-Record and 
one standard serial port. Binary files. 


* Downloads 2-Megabit = ° Software available for IBM 
programs in less than 23 PC and compatibles. 
seconds 

* Base 27256 EPROM 
°* Examine and modify System $395.00. Other 
individual bytes or blocks. configurations available. 


Incredible Technologies, Inc. 
Visa, Mastercard and American Express Accepted 


Order Now - It’s Easy 
Call (708)870-7027 Or Fax (708)870-0120 
For More information 


Newest in 
‘ Z-World’s line of 
: C-programmabie miniature 
Roniwllets the Little Star™ has 16 pro- 


| tected digital inputs, 14 high-current driver outputs, RS232/RS485, 
__| battery-backed RAM and real-time clock, programmable timers, 
_ | watchdog, and more. The Little Star is also available with enclo- 


sure and LCD/keypad, expansion cards for additional 1/0, and 
| optional 18 MHz clock. Our easy-to-use, yet powerful Dynamic 
| C™ development system ($195) integrates an editor, compiler, 


__| debugger, and dozens of software libraries all in source code. 
___| The Little Star is ideal for OEM control applications, manufactur- 


ing automation, test and data acquisition. 


24-Hour AutoFax 1724 Picasso Ave. 
916.753.0618. Call Davis, CA 95616 
from your FAX. 916.757.3737 
_| Request catalog 18. 916.753.5141 FAX 


See EEM 
93/94 Pgs. 
D1304-1309 


™@ Rental and 10-day trials available. 

@ Full Source-level Debugger with complete 
C-variable support. 

™ Supports virtually all members of the 8051, 
800196, 68HC11, 68HC16 and 68300 families. 


CALL OR WRITE FOR FREE DEMO DISK! 
51 E. Campbell Ave. | Gall 408-378-2912 
PROPIA Carer, cr ss00s | Moran 2s tou 


‘AX (408) 378-7869 Koe'lafia vi 
CORPORATION La 408) 866-1820 receive info via your FAX 


CIRCLE NO. 231 
UNIVERSAL/GANG PROGRAMMERS 


*) FLEX-700 
40 pins from $845 
| 48 pins from $945 


TUP-400/300 
§74519575 


re FLEXible as your needs are: 


@ Supports EPROM, FLASH, PLD, FPGA, GAL, 
MPU, ...in DIP, PLCC, SOP, QFP, PGA... 

@ Expandable from 40 pins to 256 pins and to 
4 or 8 sockets for gang programming. 

@ Universal 44, 68, & 84 pin PLCC modules. 

@ Free software updates via BBS. 

@ Programming algorithms approved by IC 
Manufacturers. 


Tribal Microsystems Inc. 

44388 S. GRIMMER BLVD., FREMONT,CA 94538 
Tel: (510) 623-8859 

Fax: (510) 623-9925 


a 


In-Circuit Emulators 


Development tools for the most demanding 


Unparalleled features 

HLL debugger with locals support 
External unit, no plug-in cards !!! 

High speed download (64k in 12 sec) 
Banking support for > 64KB operation 


see the difference - free 2 week trial 


SIGNUM SYSTEMS 


Mountain View, CA/ Thousand Oaks, CA. 
(415)903-2220 (805) 371-4608 
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Best Value in the World 


for 
POLYIMIDE & FR4 


1 to 5 DAY TURN 
1 to 12 Layers 


PRINTED CIRCUIT PROTOTYPES 
2 PIECE PRICES FOR FR4 .062 Th. 
LAYERS 
| 60| 311 | 389 | 953 | 1049 | 1137 | 
| 90| 358 | 448 | 980 | 1207 | 1434 | 
M5 PIECES x 1.34 MH 5 DAY PRICES ABOVE 
@ 10 PIECES x 1.67 HM ULLISTED 
EXTRAS CAPABILITIES DISCOUNTS 
Photo Plotti @ Buried & Blind Vias = 
ra see oe @ Polyimide Multilayer oo 
@ Testing @ Full Body Gold 5Y, 
Gold Contacts - $50 @ Carbon Paste ° 
— F @ Tin nickel burn-in boards 
Hi 25% - Below8 Mal als mI SMT-SMOBC @ COD 
- Below 15 MilHole gy Up to 22 layers 1 O% 
HE SMOBC & LPI - $50 @ Impedance control boards ° 


FOR MORE INFORMATION CALL OR FAX 


Ken Bahl HH 1108 W. Evelyn Ave., Sunnyvale, CA 94086 
Phone (408) 735-7137 FAX (408) 735-1408 Modem (408) 735-9842 


Universal Programmers 
SUPERPRO II®@ $499 
SUPERPROII/P $599 


t_—_ t_ wWwrenrng i | 
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Thess high performance & low cost desnaagi orogram- 
mers support more than 2,500 devices with free soft- 
ware updates via BBS. The support includes E(E) 
PROM, FLASH, BIPOLAR, PLD, GAL, EPLD, PEEL, 
MICRO, etc. Adapters are available upto 84 pin PLCC, 
PGA, & SOIC package. 

ROM MASTER programs upto 4MB EPROM. $129. 


XELTEK (408) 524-1929 


757 N. Pastoria Avenue (408) 245-7084 FAX 
Sunnyvale, CA 94086 (408) 245-7082 BBS 
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486 Single Board 
am computers & 
ss" Rack Mounts 


14 Slot 486DX2-50 4MB 120MB HD .. $2,295 
486SX-25 Single Board Computer ....$ 575 
486DX-33 Single Board Computer ....$ 775 


ORDER DESK 1-800-777-4875 


1), US LOGIC Made In U.S.A. 
\WY 7004 Convoy Court, San Diego, CA 92111 
(619) 467-1100 * FAX (619) 467-1011 


The Intel Inside Logo is a registered trademark of Intel Corporation. 
3 year warranty applies to Falcon-l! Single Board Computer. 
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Attention 
FutureNet® Users! 


Move up to Windows for $495 


DesignWorks™ 

Full hierarchy 

Automatic Gate Packaging , 
Comprehensive Libraries 
Optional Digital Simulator 


A low cost upgrade to DesignWorks for Windows™ 
is available to all FutureNet owners. The ability to 
import schematic files directly from your FutureNet 
Schematic Designer Version 5 is included at no extra 
charge with every DesignWorks for Windows pack- 
age. Call for a FREE demo that allows you to view 
and even print your FutureNet files! 


DON'T WAIT...UPGRADE TODAY! 


ERT captane 


——-rs»— Computing 
Tel. (800) 444-9064 Fax (604) 522-3972 


960 Quayside Dr, Ste 406 
New Westminster, B.C. 
Canada V3M 6G2 
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ANALY ZER- EMULATOR 


UniLab 8620 


I PC Based, < 
Zero-Wait-State Ome 

I Non-Stop Analysis: Define & Refine Triggers & View 
Multiple Traces On-The-Fly 

I Source Level & Symbolic Debug 

(J Built-In EPROM Programmer 

(I Same Base Unit Supports Most 8-bit pCs & 
uPs, including 8051, 68HC05, 68HC11, Z80, 


800196, 6502, 8085,et. 7. g99.729.7700 


Using your PC, AT, or EISA personal computer, the 
PC Power 1/0 Card allows you to monitor and 
control up to 24 digital signals or loads using an 
industry-standard 1/0 rack with optically-isolated 
sensors and solid-state relays. Wintek’s design 
{simplifies your software and includes a watchdog 
timer for safety. 


® Wintek Corporation 
MAA WIN'TEK) | {ooisouncrse. Tel: 415-327-8800 SE Begemee 
Phone: (317) 448-1903 Fax: 415-327-9881 rr te = zs TuUcK ES S 


-800-742-6809 
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PROGRAMMABLE 
KEYBOARD ENCODER 


1 


180 Independence Dr., Menlo Park, CA 94025 U.S.A. 
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Consistency 
is 
key 


TVvVvvV VN 


to the power of 
EDN Product Mart 


The first avi Tee keyboard encoder can accom- 
modate any keypad layout with up to 24 lines (up to 
144 keys). Supports PC XT/AT and RS232 interfaces, 
can operate in parallel with standard IBM keyboard. All 
key codes and interface parameters are stored in EEP- 
ROM and can be changed by the user at any time using 
a supplied utility. 2.4°x3.6", $145 qty 1, volume disc. 
avail. 


VG Controls, Inc. 
34 Jenkins Rd., Hewitt, NJ 07421 
Tel (201) 853-4600 Fax (201) 853-7913 
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Fast & Friendly 


The handheld programmer/emulator for 
demanding engineers. 
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PCB RUSH SERVICE| 
Proto Manufacturing | 


24 hour Multi/Rigid 
10 day std delivery 
Design & CAM 
Laser Plotting 
LPI/DFSM 
Mil GF & GI 
Nice People 
Dial (800) PCB-RUSH 
Sun Circuits Incorporated 
5124 Calle del Sol 
Santa Clara, CA 95054 


(408)727-7784 fax (408)727-0347 
BBS/Modem (408) 988-3591 


PERE R ED 


$4 programs EPROMs, EEPROMs, FLASH, PICs, 
8751 micros. It emulates RAM and ROM too! 
To get S4 on your desk tomorrow, or to simply request literature, call: 


800-328-2336 or 407-649-3335 
Fax: 407-649-3310 BBS: 407-649-3159 


BES Dataman Programmers Inc., 
D é Ti ni 22 Lake Beauty Drive, 
Suite 101, Orlando, 
Dataman Programmers inc FL 32806, USA. 
15 years of innovative solutions in the palm of your hand. 


CIRCLE NO. 243 = es 
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SOIC TO DIP 


ee 


sono 


WITH DIP/SOIC 


PACKAGE CONVERTER 


¢ Covert surface mounted SOIC pattern to DIP. 
¢ Solder to SOIC Land Pattern. 
¢ Then plug DIP IC into DIP socket. 
¢ DIP pins are gold plated machined pins. 
* Recessed screw/nut for added strength 
° Multiple sizes available 
IRONWOOD ELECTRONICS 


P.O. BOX 21151, ST. PAUL, MN 55121 
(612) 431-7025; FAX (612) 432-8616 
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ABEL, the industry-standard 

universal PLD design tool, now gives 

you more power for less: 

¢ New StateCAD™ graphical entry 
option lets you draw state machines 

¢ VHDL - Direct” for full VHDL 
design entry and synthesis 

¢ New fitter support includes AMD® 
MACH, Altera® MAX, and Lattice® 
pLSI devices 


(1-800-332-8246) 
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BEST PRICE FOR PROTOTYPE CIRCUIT BOARDS 
FR-4 - FLEX - POLYIMIDE 
24 HOUR TO 120 HOUR 


2 PIECES, FR-4, 062 THICK, 8/8 DESIGN, 5 DAYS 


TOTAL SQ. IN. AREA 
LAYERS | 16 120 


sa 
$290 $ 440/$ 480 


CAPABITILIES : MATERIALS: EXTRAS: 

* S.M.O.B.C. * FR-4&FR-5 +*© ARTWORK 

* TIN LEAD * FLEX * ELECTRICAL TEST 
* TIN NICKEL * POLYIMIDE 
* GOLD BODY * DUROID 
* BLIND/BURIED VIAS”) + TEFLON 
* ELECTRICAL TEST 

* 4 MIL TRACES & GAPS 

* 8 MIL THRU HOLES 


DISCOUNT 10% 


* SMOBC WITH LPI $50 

+ GOLD CONNECTOR $50 

* BELOW 8 MIL TRACES & 
15 MIL HOLES 25% MORE 


PLEASE CALL OR FAX : 


MODEM (408) 988-3415 Cire 
CORPORATION 


TEL. (408) 988-3980 - FAX (408) 988-4534 
3391 KELLER STREET + SANTACLARA + CALIFORNIA 95054 
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PILOT-U84 Universal Programmer 


The Leader in New FPGA Support 
@ Altera 7064,7128,7160,7192 in 84-, 100- and 160-pin packages 


®@ Xilinx 1765D,17128 etc @ Intel FLEX, 87C196 KC,KD,JR,MC | 


etc. © Moto 68HC711D3, E9; 68HC705C8,C9, J2, P9 etc. © WSI 
PSD-3XX,-4XX,-SXX,PAC,SAM ® Atmel 29C040, ATF22V10 etc. 
®@ AMD MACH435, 29F040, etc @ Lattice pLSI-2000,-3000 etc. 
@ All packages to 256-pin: PLCC,PGA,QFP,TQFP,TSOP,SOIC 
For immediate support, please call 
800-627-2456 FAX: (408) 736-2503 
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iceMASTER 
In-Circuit 
Emulators 

From $851 


Easy to learn & use 


Windowed interface -- 
user configurable 


Real-time and non- 
intrusive 


Source level debug 


Support for structures, arrays, unions and pointers 

Trace buffer with advanced searching capabilities. 

Fast serial (RS-232) link to any PC, even laptops. 

Broad support of derivative devices /interchangeable probe cards 
Rental and 10-day trials available. 

Call today for free demo disk 


(800) 638-2423 


MetaLink Europe GmbH 
Teleton: (08091) 2046 
TeleFax (08091) 2386 


MetaLink Corporation 
Phone: (602) 926-0797 


Fax (602) 926-1198 
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NEW, 20 WATT DC/DC’s HAVE 
UNIQUE 9-36V AND 18-72V INPUTS 


DATEL’s newest, 
low-cost, switching 
DC/DC converters 
offer the widest input 
voltage ranges of an 
20W modular “plug- £2: 
in’ DC/DC’s. Available |:22:: 
in either single, dual s:ssssssss = 
or triple-output configurations, and packaged in 
fully encapsulated 2" x 2" x 0.45" metal cases, 
these highly efficient, fully isolated power 


“=. 


_| converters offer output voltages of 


3.3/5/12/1 5/+5/+ 12/415 Volts. Their wide 
input ranges make them ideally suited for many 
telecomm, aerospace, automotive and PC-based 


| applications. All devices are UL, CSA and IEC 


approved and can be fully EMI/EMC characterized 
at your request. 


DATEL, Inc. 
11 Cabot Bivd., Mansfield, MA 02048. 
(508) 339-3000, (800) 233-2765, 

FAX (508) 339-6356. 
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tat 
/Single Device Model: Portable for Field use. 
é/ Production Programmers: GANG or SET 
up to 8, 16 or 32 devices at one time. 
aé High Speed: 1 meg in less than 17 seconds. 
/ Universal: Memories, Logic & Micros. 
/ All Packages: DIP, PLCC, SOIC, etc. 
é/ Gang Micros: Motorola & Intel (DIP or PLCC.) 
/F ree Lifetime Updates via BBS. 
/ Affordable: EZ-E32 - $149.* 832FT - $895." 


@ Call:800-523-1565 
Tel: (407) 994-3520 @ Fax: (407) 994-3615 
BYTEK Corporation 


543 N.W. 77th Street 
Boca Raton, FL 33487 


You Don't Have 


To Bu 


Has a Full 
Range of 
High Quality 
Universal & Gang 


(EEPROMs, FLASH, PLD, 
& MICRO CONTROLLER) 


Programmers 


LOGICAL 


DEVICES, INC. ali 
TEL: (305) 428-6868 g 
FAX305) 428-1811 elec 


1 800 331-7766 Ext: 103 
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A Complete Line of Development 
Boards, Programmers and 
In-Circuit Emulators 


DS-186 — In-Circuit Emulator for 
80C186/8/XL/EA/EB/EC, V40/50 
8086/8 and other uCs 


*** NEW ADDRESS IN THE USA*** 


Call today for your 
free demo and 
software update 


Toll Free: 1-800-833-4084 


CEIB 


7. EDGESTONE:CT. 
FLORISSANT, MO 63033 
TEL: 314-830-4084 
FAX: 314-830-4083 
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HIWIRE II 


Schematic and PCB Software 


With support for expanded and extended memory, 
HiWIRE || can handle your most demanding schematic 
and PCB designs. The unique HiWIREII editor allows 
you to display and edit schematics and PCBs 
simultaneously, using the same commands for each. 
HiWIRE |! is $995 and is guaranteed. 


® Wintek Corporation 
LA ij 1801 South Street 
Lafayette, IN 47904 
Phone: (317) 448-1903 


-800-742-68089 
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Communicate 


Weekly 


to the 
electronics OEM 


through EDN Magazine 
and Products Editions' 
Product Mart sections. 
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NOw—PSPICE QUALITY AT AN AFFORDABLE PRICE 


SHEE Hard_copy Peak Trough slOpe Min maX Search_commands Label_point 


mks! MicroSim Corporation 


Macintosh 


uneeoee = DOS 


: | * Powerful Analog Circuit Simulation Capability 


| © IsSpice4, interactive SPICE Simulation i 
|| © Completely Integrated System w/Schematic Entry _ 
¢ Affordable Prices, Multiple Platforms i 
Call Or Write For Your Free De Demo and Information Kit! ; 
Fax 310-833-9658 Z > P.O. Box710San Pedro] | 
| Te lL 3 10-833-07 1 0 intus ft , 
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For those small circuit analog designers who want the technical 
sophistication of PSpice, we now have a low cost solution for you! 


Small-circuit PSpice is now available at an unprecedented price of 


$1,495 


The PSpice circuit simulator comes complete with: 
¢ Analog library of over 7,200 devices. 

e Analog Behavioral Modeling. 

¢ Monte Carlo & sensitivity/worst-case analyses. 


200H 


7. 7790n | 
3.96240 | 
3.8166n | 


38.660, 
54.000, 
—16 .660, . . 
e Stimulus generation. 
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PP42 - the total solution for Gang/Set 
programming of EPROMs and EEPROMs 


8, 16 or 32-bit programming of device sets in 
a single operation (24 to 32 pins) 


Optional modules for ganging Micros, Masked 
ROM pinout EPROMs, 40-pin DIP/16é-bif or 
32-PLCC EPROMs 


4 Mbits RAM standard - expandable to 64 M 


Serial and parallel ports 
scood 


‘Stand-alone’ or PC operation 


Stag Microsystems, Inc. 
Tel: (408) 988-1118 Fax: (408) 988-1232 
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¢ Enhanced graphical waveform analyzer. 
e Device characterization. 


20 FAIRBANKS ¢ IRVINE, CA 92718 ¢« USA 
(800) 245-3022 ¢ (714) 770-3022 © FAX (714) 455-0554 


Combine your 
Product Mart ads in 
EDN Magazine and 

Products Editions 


for 


higher impact 
anda 
lower rate! 


CIRCLE NO. 259 


EDN-CAREER OPPORTUNITIES 


Aero Union Corp., a small commercial aero- 
space company has an immediate opportuni- 
ty in the Engineering Division for: 


Electrical Engineer 

who will perform a variety of functions includ- 
ing aircraft systems design, analog/digital cir- 
cuit design, PCB design, preparation of test 
procedures, coordination with manufacturing, 
and drawing preparation and maintenance. 
The individual will become part of a product 
development team developing new products 
and be required to sustain daily manufactur- 
ing activities. The applicant must have relat- 
ed experience and a BSEE as a minimum. 
Experience with product development, motors 
and motor controllers, aircraft systems, Auto- 
cad, and Orcad desirable. 

Aero Union is located in Northern Califor- 
nia offering a rural environment away from the 
smog and congestion. For confidential consid- 
eration, please send your resume and salary 


Knowledge to 


history to Aero Union Corp., 100 Lockhead 
Ave., Chico California 95926, Attention David work 
Crivelli, Engineering Manager, EOE. im med lately! 
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COULD FILL YOUR 


Call Z, Domain Technologies, Inc. By Taking This 


(200)-967-5034 3-Day Course 
(404)-587-4812 You will really 


Call 9-5 EST. Ask for Klearn DSP. 
brochure. "Guaranteed! 


Coming to a 
Place Near You 


Boston Dallas 
Salt Lake City 


: all Jackie Daniels _ 


Toronto Course is ready. Call for 
San Jose 


more info 


Design Engineer 


Logic & circuit design, simulation, layout, testing 
& verification of new high performance digital 
integrated circuits. Min. MS or equiv. EE. 
Applications must have project/research 
background in s/w dev. on UNIX platforms (SUN 
workstations), in IC design (including mfg., testing, 
logic & circuit design, logic & circuit simluation, 
layout & verification); advanced coursework in 
digital & analog circuit design; knowledge of 
hardware & software tools required for IC design 
(workstations, operating systems, schematic 
capture, circuit simulation, logic simulation, layout 
& verification). $44,500/Annum. Job Site/Inter: 
Mississippi. Applicants clip ad and send with 
resume to Job: #PN1000, PO Box 641392 
CYPRESS, San Jose, CA 95164-1392 no later than. 
5/10/94. Must have legal right to work. EOE 


Reach 163,000 engineering professionals, in: 


EDN-CAREER OPPORTUNITIES 


Get the attention of qualified engineers and managers involved in 
designing or developing electronic products, who look to EDN 
Magazine's Classified section for career opportunities. 


rARRK: Only EDN can guarantee you're reaching the key design engineers 
IOWA EXYMIDWEST , ; Hes 
MIDWEST. ~~ OPENINGS in the Electronic Original Equipment Manufacturers. 


RF DESIGN ENGINEERS 


MSEE/BSEE, Experience levels to 10+ years. 
RF/Microwave circuit design, HF to 3.0 GHz. 
Areas of interest are: receivers, transmitters, 
power amplifiers, frequency synthesizers, mod- 
ulation/demodulation, spread spectrum, DSP 
implementation of radio functions. Multiple 
openings with several of my Midwest client com- 
panies. 


DON GALLAGHER, MSEE 


Gallagher & Brei Associates 
1145 Linn Ridge Rd., Mount Vernon, 1A 52314 
(319) 895-8042 © Fax (319) 895-6455 


Let me help you fill those positions! 


For more information, call: 


Jackie Daniels, Recruitment Manager 
Tel: 1-800-603-4859 
Fax: 1-617-630-3925 
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We've set anew goal 


jor ourselves. 


At Motorola Semiconductor Products Sector (SPS), 
excellence is simply not enough. We’ve already earned 
the enviable position of America’s predominant semicon- 


ductor company by building the most diversified and advanced product line anywhere. But now, we ve set our sights even 
higher. We're committed, completely, to a fully integrated Six Sigma And Beyond approach that ensures quality engineering 
at its highest level. We’re creating an energizing work environment that’s unequalled when it comes to involvement and 
advancement. And, we’re taking on the world: we plan to become the best business in the business, anywhere. 

If you share our sense of dedication, of determination to hit the mark higher than anyone has before, take a look 
at a career that’s right on target. We are seeking the following professionals to join us at both our Phoenix, AZ and 


Austin, TX locations. 


Phoenix O 


SPS’s Arizona operation features new, state-of-the-art 8" 
water fab facilities in Chandler. This advanced start-up 
operation and our newest wafer fab facility (COM. 1), being 


constructed in Phoenix, both utilize submicron technologies. 


Individuals qualified to join our team will have a related 
BS/MS degree and relevant experience. Opportunities exist 
in these and other areas: 


e Design Engineers 


¢ Wafer Fab Equipment 
Engineers and Technicians 


¢ CiM/Systems Engineers 

e Logic Designers 

e Analog Designers 

e Wafer Polishing Equipment Engineers 
e Application Systems Engineers 


Exciting opportunities are available in Gallium Arsenide 
(GAAS) as we move to 6" wafer technology. Positions 
require related experience. 


¢ Process/Metrology Engineers 

e Sr. Test Engineers 

e Wet Process Engineers 

¢ Equipment/Process Technicians 


Austin and Phoenix Openings 


We also seek experienced professionals with PhD degrees 
in Electrical Engineering, Computer Science or Computer 
Engineering for the following opportunities in our Sector 
Technology Operations in Phoenix and Austin: 


e Research & Development Engineers 
e Design Technologists 

¢ Behavioral Designers 

e Design Recovery Specialists 

¢ Compiler Engineers 

e Design Automation Engineers 

e Device Engineers 

e Microprocessor Architects 

¢ Operating Systems Engineers 

¢ Design for Test Engineers 


Interested candidates are invited to FAX their resumes 
to (602) 994-6827, or mail resumes to: Motorola SPS 
Sourcing, Dept. SPS-544, 1438 W. Broadway Rd., Suite 
B100, Tempe, AZ 85282. An Equal Opportunity/Affirmative 
Action Employer. We Welcome And Encourage Diversity In 
Our Workplace. 


(AA) MOTOROLA 
Semiconductor Products Sector 
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hy fret over development test? 

Think positive. Prove your results 
beyond the shadow of a doubt with the 
TRW VP8000 Wideband Signal and 
Test System. 

The key is deep memory. The TRW 
VP8000 has up to 64 megabytes of it. 
With high-speed capture and generation 
in both analog and digital. This lets you 
soak up more real-world signal. In more 
detail. In less time. With less retesting. 


©TRW, Inc., 1994. TRW is the name and mark of TRW, Inc. 


This assures that you catch problems 
in the lab. Not in production. 

The TRW VP8000 proves to be a 
positive in other ways, too. A single 
workstation-based system, it replaces 
stacks of test and measurement devices. 
Integrating the accessibility of comput- 
ers with the power of instrumentation. 
Delivering such doubtless benefits as 
fast test set-up... a smooth upgrade 
path... portability... and affordability. 


CIRCLE NO. 113 


So, don’t just prove results the 
usual way — improve. Give us a call at 


1-800-354-6195. 
And let us prove how the TRW VP8000 


will erase all your doubts about devel- 


opment test. 
The TRW VP8000 — there’s no 


doubt about it. 
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EDN-INTERNATION, 


ADVERTISERS IND 


Company Page Circle 
AMP 52-53 71 
AT & T Microelectronics 12 32 
Advanced Micro Devices 28-29 47 
Advin Systems 137 246 
Aleph International 92 1 
Altia 112 26 
Analog Devices Inc 15 33 

26-27 46 


Arnold Magnetics Corp 126 108 
Asahi Kasei Microsystems 106 99 


Atmel Corp 81 83 
Bytek Corp 137 250 
Belden Wire & Cable Co 2 118 
Burr Brown Corp AT 66 
Canon Facsimile 94 89 
Capilano 136 242 
Capital Equipment Corp 121 105 
Ceibo 138 253 
Cirexx 137 251 
Compass Design 
Automation 130 111 
Computer Products 59 72 
Cypress Semiconductor C4 
DSPx 134 112 
Data I/O Corp 137 248 
Data Translation Inc 49 69 
Dataman Programmers 136 243 
Datel Inc 137 247 
Design Automation 
Conference 118 108 
Digi-Key Corp 103 97 
1 117 
Digital Equipment Corp 40-41 
Fl 
104-105 98 
ESL Ine 141 113 
Ecliptek Corp 74 4 
Fil-Mag 99 91-95 
GE Rental/Lease 39 49 
Heurikon 44 65 
Hewlett-Packard EIG 
Marcom 24 39 
Hyperception 82 9 
Hypertronics Corp 93 88 
Hyundai Electronics 
Industries 42-43 64 
IEE 108 148-149 
Illinois Capacitor Inc 84 109 


Incredible Technology 135 230 
Integrated Device 


Technology Inc 33 
Integrated Systems Inc 114 104 
Intel Corp 8-9 31 
Intusoft 138 257 
Ironwood Electronics 137 245, 
Lambda Qualidyne Inc 76 78 
Linear Technology 66 76 
Littlefuse Electronics | 51 70 
Logical Devices 137 252 
Loral Data Systems it 102 
Mathsoft Inc 128 28 
Matra Harris 124 107 
Maxim Integrated 

Products 73 79 

75 80 
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Company Page Circle 
Maxim Integrated 117 81 

Products 119 82 
MemTech 64 2 
Metalink Corp 137 249 
MicroSim Corp 138 256 
Mini-Circuits 3 29 

69 77 
Molex 89 86 
Murata Electronics 20-21 37 
National Semiconductor 10-11 
Nikon Precision Inc 70 A-D 
Nohau Corp 135 231 
OrCAD C2 114 
Orion Instruments Ine 136 238 
P-CAD 129 110 
Philips Semiconductor 133 
Pico Electronics 2a 1 
128 1 

Powercube 91 87 
QSI Corp 64 3 
Raltron Electronics 82 17 
Raytheon 22 38 
Sierra Circuits 135 2a 
Signum Systems 135 232 
Silicon Systems Inc 30 48 
Siliconix C3 it 
Sony Semiconductor 35-38 
Stag 138 258 
Stanford Research 

Systems 127 ra 
Startech Semiconductor 101 96 
Sun Circuits 136 244 
Synopsys 4 


TDK Corp of America 123 85 


Tektronix Inc 18-19 36 

61 74 

63 73 
Teledyne Relays 83 84 
3M/ICSD 17 34 
Tribal Microsystems 135 234 
US Logic 136 239 
VG Controls 136 240 
Vicor Corp 65 75 
Westcor Corp 6 30 
Wintek Corp 136 237 

138 254 
Xeltek 136 236 
Zworld Engineering 135 233 
Recruitment Advertising 139-140 


This index is provided as an additional service. The 
publisher does not assume any liability for errors or 
omissions. 


Microwave-test accessories cata- 
log lists over 1000 products. This 
free 88-pg catalog lists products for 
testing and characterizing components 
and systems at frequencies to 100 GHz. 
Hewlett-Packard Co, Santa Clara, CA. 

Circle No. 381 


SAME Day SHIPPING 


Next Day Delivery, anywhere in the U.S.A.! 


3 $33 te eee Be ee 
OMICS MUNRO PARE & 
HOS WEL ER LUCTITE AL 


244-pg catalog features test 
equipment, tools, and supplies. 
This free catalog covers programmable 
power supplies, DMM and scope acces- 
sories, spectrum analyzers, counters, 
PROM programmers, function genera- 
tors, and more. Contact East Inc, N 
Andover, MA. Circle No. 382 


Brochure details capabilities of 
symbolic-numeric math software. 
This free 6-pg, color brochure describes 
Macsyma, a package available for PCs 
and workstations. Macsyma Inc, 
Arlington, MA. Circle No. 383 


Catalog of control and test I/O 
boards expands to 84 pages. This 
free catalog is 30% larger than the pre- 
vious edition. The publication covers 12 
analog input and output boards, nine 
digital I/O boards, four communica- 
tions boards, and eight input-expansion 
and accessory boards. Access I/O 
Products, San Diego, CA. Circle No. 384 


Catalog of membrane switching 
systems. This catalog showcases mem- 
brane switching systems for custom 
applications. The 8-pg, color booklet 
includes product photos, mounting 
dimensions, technical information, spec- 
ifications, options, and components. EAO 
Switch Corp, Milford, CT. Circle No. 385 


Some just don’t understand. 
the importance of improving 
telecom efficiency. 


But we do. 


As proof we offer our new 


switchmode chip set. 


5i9114 LOWER POWER DISSIPATION 


Supply Current (mA) 


8 


200 300 
Frequency (kHz) 


400 500 600 


Most efficient high-frequency 
dc/dc conversion. 


The Si9114 PWM controller and 
Si9420 LITTLE FOOT® MOSFET 
chip set delivers dc/dc conversion 
at up to 1MHz with very 
low power dissipation... 
the result is one of the 
industry’s most efficient 
switchmode solutions 

for telecom products. 


Save board space 
with fewer and 
smaller components. 


Both devices come 
in SO packages. And the high- 
frequency capability allows for 
smaller magnetics and filters to 
be used, eliminating the need 
for electrolytic capacitors. 


More protection features 
mean higher reliability. 


The Si9114 has high-precision 
current limiting for improved 
performance. Soft-start circuitry 
to eliminate start-up overshoots 
and stresses. And frequency and 
phase synching to stop “beat 
noise.” 


Contact your local Siliconix/ 
TEMIC sales office or call our toll- 
free hot line at 1-800-554-5565, 
ext. 296. Ask for your Telecom 
Design Guide. 


er 7) oe 
Siliconix 
A Member of the TEMIC Group 


2201 Laurelwood Road, Santa Clara, CA 95054 
Fax: (408)970-3950, Attn 43-296 


Members of TEMIC Semiconductors: Telefunken Semiconductors, 


Siliconix, MATRA MHS, Dialog Semiconductor 
CIRCLE NO. 115 


INTRODUCING 
THE WORLD'S 
FASTEST FPGA. 


WELL, IT WAS HERE and allows 100% gate 
A SECOND AGO. utilization even with 


fully automatic ws 


Introducing the 
pASIC380 FPGA family. 


It brings Cypress’s well- 
deserved reputation for high-speed parts 


to FPGAs. Utilizing advanced 0.65 


place and route. This also means mini- 4 
mal timing variability. And, as part of 4 
micron anti-fuse technology, the new = the comprehensive UltraLogic™ family, . 
pASIC380 family is a full 50% faster than | pASIC380 is supported by Warp™ VHDL open 

any competitive part. Its i a design tools. What could possibly be easier? See 
a unconstrained interconnect $ for yourself, fast! Call the pASIC380 FPGA data 
“me ensures phenomenal performance sheet hotline at 1-800-858-1810; Dept. C4F. 


“In Europe, fax requests to the above Dept. at (32) 2-652-1504 or call (32) 2-652-0270. In Asia, fax requests to the above Dept. at1-415-940-4343. 
UltraLogic and Warp are trademarks of Cypress. © 1994 Cypress Semiconductor, 3901 North First Street, San Jose, CA 95134, Phone 1-408-943-2600. 


